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C2,5'-DISUBSTITUTED AND
NS,C2,5'-TRISUBSTITUTED ADENOSINE
DERIVATIVES AND PHARMACEUTICAL
COMPOSITIONS CONTAINING THEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of PCT/IL02/
00160, filed Mar. 3, 2002.

FIELD OF THE INVENTION

This invention relates to C2,5'-disubstituted and N°,C2,
S'-trisubstituted adenosine derivatives, pharmaceutical com-
positions containing them and the uses thereof.

LIST OF PRIOR ART

The following is a list of prior art which is considered to
be pertinent for describing the state of the art in the field of
the invention, all of which are also included in the list of
publication that appears at the end of the description before
the claims. Acknowledgement of these references herein
will be made by indicating their number from the list of
publications, which number is also indicated in brackets
hereinbelow.

Van der Wenden, E. M., Carnielli, M., Roelen, H. C. P. F.,
Lorenzen, A., von Frijtag Drabbe Knzel, J. K., 1Jz-
erman, A. P, J. Med. Chem., 1998, 41, 102-108 (ref-
erence no.l).

Roelen, H., Veldman, N., Spek, A. L., von Frijtag Drabbe
KOnzel, J., Mathot, R. A., IJzerman, A. P., J. Med.
Chem., 1996, 39, 1463-1471 (reference no.2)

Gallo-Rodriquez, C., Ji, X., Melman, N., Siegman, B. D.,
Sanders, L. H., Orlina, J., Fischer, B., Pu, Q., Olah, M.
E., van Galen, P. . M., Stiles, G. L., Jacobson, K. A.,
J. Med. Chem., 1994, 37, 636—646 (reference no.3)

Van Tilburg, E. W., Von Frijtag Drabbe Krnzel, .,
Groote, M., Vollinga, R. C., Lorenzen, A., [Jzerman, A.
P., J. Med. Chem., 1999, 42, 1393-1400 (reference no.
5)

Hutchison, A. J., Williams, M., deJesus, R., Yokoyama,
R., Oei, H. H., Ghai, G. R., Webb, R. L., Zoganas, H.
C., Stone, G. A., Jarvis, M. F., J. Med. Chem., 1990, 33,
1919-1924 (reference 1no.6).

Niiya, K., Olsson, R. A., Thompson, R. D., Silvia, S. K.,
Ueeda, M., J. Med. Chem., 1992, 35, 4557-4561 (ref-
erence no.7).

Cristalli, G., Eleuteri, A., Vittori, S., Volpini, R., Lohse,
M. 1., Klotz, K.-N., J Med. Chem., 1992, 35,
2363-2368 (reference 1no.8)

Klotz, K.-N., Camaioni, E., Volpini, R., Kachler, S.,
Vittori, S., Cristalli, G., Naunyn-Schmiedeberg’s Arch.
Pharmacol., 1999, 360, 103—108 (reference n0.9)

Volpini, R., Camaioni, E., Costanzi, S., Vittori, S., Klotz,
K.-N., Cristalli, G., Nucleosides and Nucleotides, 1999,
18, 2511-2520 (reference no. 10)

Homma, H., Watanabe, Y., Abiru, T., Murayama, T.,
Nomura, Y., Matsuda, A., J. Med. Chem., 1992, 35,
2881-2890 (reference no.25)

Matsuda, A., Shinozaki, M., Yamaguchi, T., Homma, H.,
Nomoto, R., Miyasaka, T., Watanabe, Y., Abiru, T.,
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Nucleosides and nucleotides. 103. 2-Alkynyladenos-
ines: J. Med. Chem., 1992, 35, 241-252 (reference
n0.26)

Cristalli, G., Camaioni, E., Costanzi, S., Vittori, S., Vol-
pini, R.; Klotz, K. N., Drug Dev. Res., 1998, 45,
176181 (reference no.27)

Chan, C., (GB), G. W., PCT Int. Appl. 104 pp. WO
99/38877 A2 990805, 1999 (reference no.31)

Daly, J. W. et al., Biochem. Pharmacol., 1992, 43(5),
1089-1093 (reference no. 56)

Bruns R. F., Can. J. Physiol. Pharmacol., 1980, 58(6),
673-691 (reference no. 57)

Chiang, P. K. et al., Mol. Pharmacol., 1977, 13, 939-947
(reference no. 58) WO 98/15276 (reference no. 59).

BACKGROUND OF THE INVENTION

Adenosine acts extracellularly via activation of specific
membrane-bound receptors called P,-purinoceptors. These
adenosine receptors can be divided into four subclasses, A,
A, ,, A,z and A, receptors. All four classes are coupled to the
enzyme adenylate cyclase. Activation of the adenosine A,
and A, receptors leads to an inhibition of adenylate cyclase,
while activated A,, and A, receptors stimulate adenylate
cyclase. The adenosine receptors are ubiquitously distrib-
uted throughout the body. As a consequence, ligands need to
be highly selective in their action with respect to receptor
subtype and tissue to be of therapeutic value.

Receptor subtype selectivity can be achieved by substi-
tuting the adenosine molecule. For example modification at
the N° position of adenosine is well tolerated. N°-substitu-
ents such as cyclopentyl enhance adenosine A, receptor
selectivity relative to the other subtypes,’* while a 3-iodo-
benzyl group induces adenosine A, receptor selectivity.’~>
Bulky substituents such as (ar)alkylamino,® alkylidenehy-
drazino’ and alkynyl,® at the 2-position of the adenine
moiety yield selectivity for the adenosine A,, receptor
compared to A;. Only more recently, the 2-(ar)alkynyl
adenosine derivatives have been evaluated at the adenosine
A, receptor. Quite surprisingly, some of these compounds
appeared to be selective for the adenosine A, receptor rather
than for A, *°

Several C-2,5'-disubstituted thioadenosine derivatives are
known in the art. Daly et al.>® describes the agonist activity
of 2-fluoro-5"-methylthioadenosine, at A| and A, , adenosine
receptors. Bruns®’ has described the following adenosine
antagonists: 2-chloro-5'-deoxy-5'-methylthioadenosine,
2-fluoro-5'-deoxy-5'-ethylthioadenosine and 2-chloro-5'-
deoxy-5'-ethylthioadenosine. In addition, Chaing at el. *®
discloses that 5'-deoxy-5'-ethylthio-2-fluoroadenosine and
5'-deoxy-5'-butylthio-2-chloroadenosine ~ are  potential
inhibitors of S-adenosyl-L.-homocysteine hydrolase.

Tissue selectivity is often the result of partial agonism,
which may reduce the extent of side effects.'’*'* Due to
differences in receptor-effector coupling in various tissues
selectivity of action in vivo may be achieved. Partial ago-
nists for the adenosine receptors may be of use as antipsy-
chotic drugs, e.g., via stimulation of the adenosine A,,
receptor that leads to inhibition of dopamine D, receptors in
the basal ganglia,'*'# and as cardio- and cerebroprotective
agents via the adenosine A; receptor when chronically
administered.">'®.
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SUMMARY OF THE INVENTION

The present invention provides a compound of the general
formula (I):

@D
NHR;

N x
RW.
Z
N
o N

R,

OH OH

wherein

W represents an oxygen or sulfur atom;

R, represents a lower alkyl or lower cycloalkyl;

R, represents a halogen, lower alkenyl, lower alkynyl or
lower alkylidenehydrazino group;

R, represents a hydrogen, lower alkyl, lower cycloalkyl,
aryl, anilide or (ar)alkyl; said cycloalkyl, aryl or (ar)
alkyl may be substituted with one or more of the
substituents selected from halogen, hydroxyl or
hydroxyalkyl;

or a salt of said compound, with the exclusion of the
following compounds:

2-Fluoro-5'-methylthioadenosine;

2-Chloro-5'-deoxy-5'-methylthioadenosine;

2-Fluoro-5'-deoxy-5'-ethylthioadenosine;
2-Chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

By the term “alkyl” which may be used herein inter-
changeably with the term “lower alkyl”, it is meant any
saturated carbohydrate, either linear or branched chain com-
prising from 1 to about 10 carbon atoms in the backbone.

Accordingly, the terms “alkenyl” and “alkynyl” which are
also used interchangeably and respectively with the terms
“lower alkenyl” and “lower alkynyl” refer to linear or
branched carbohydrates comprising from 2 to 10 carbon
atoms in the backbone, wherein at least two of the carbon
atoms are connected via a double or triple bond, respec-
tively.

Thus, it is to be understood that the term “lower” when
used a prefix for defining a carbohydrate, refers to any
carbohydrate having in its backbone no more than 10 carbon
atoms.

When referring to salts of the compound of the present
invention it is meant any physiologically acceptable salt.
The term “physiologically acceptable salt” refers to any
non-toxic alkali metal, alkaline earth metal, and ammonium
salts commonly used in the pharmaceutical industry, includ-
ing the sodium, potassium, lithium, calcium, magnesium,
barium ammonium and protamine zinc salts, which are
prepared by methods known in the art. The term also
includes non-toxic acid addition salts, which are generally
prepared by reacting the compounds of this invention with
a suitable organic or inorganic acid. The acid addition salts
are those which retain the biological effectiveness and
properties of the free bases and which are not biologically or
otherwise undesirable. Examples include acids are those
derived from mineral acids, and include, inter aila, hydro-
chloric, hydrobromic, sulfuric, nitric, phosphoric, metaphos-
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4

phoric and the like. Organic acids include, inter alia, tartaric,
acetic, propionic, citric, malic, malonic, lactic, fumaric,
benzoic, cinnamic, mandelic, glycolic, gluconic, pyruvic,
succinic salicylic and arylsulphonic, e.g. p-toluenesul-
phonic, acids.

The present invention also provides pharmaceutical com-
positions comprising as active ingredient an effective
amount of a compound of the general formula (I) as defined
above.

The present invention further provides a method for
treating a disease which requires for its treatment the acti-
vation or inhibition of cAMP via the binding of an adenosine
receptor agonist comprising administering to a subject in
need thereof an effective amount of a pharmaceutical com-
position comprising a compound of the following general
formula (I):

@D
NHR;

N AN
R,W.
7
N
o N

Ro

OH OH

wherein

W represents an oxygen or sulfur atom;

R, represents a lower alkyl or lower cycloalkyl;

R, represents a halogen, lower alkenyl, lower alkynyl or
lower alkylidenchydrazino;

R, represents a hydrogen, lower alkyl, lower cycloalkyl,
(ar)alkyl, aryl or anilide; said cycloalkyl aryl and
(ar)alkyl may be substituted with one or more substitu-
ent selected from halogen, hydroxyl, hydroxyalkyl;

or a salt of said compound,

with the exclusion of the following compounds:
2-Fluoro-5'-methylthioadenosine;
2-Chloro-5'-deoxy-5'-methylthioadenosine;
2-Fluoro-5'-deoxy-5'-ethylthioadenosine;
2-Chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

According to a prefered embodiment of the invention, the
pharmaceutical composition is a sleep modulator, antihy-
pertensive, analgesic, antidiabetic, tissue-protective agent,
neuroleptic or anti-tumor agent.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may
be carried out in practice, a preferred embodiment will now
be described, by way of non-limiting example only, with
reference to the accompanying drawings, in which:

FIG. 1 is a bar graph showing result of in an in vitro assay
in which the level of G-CSF production in human cord blood
sample in the presence of 50 uM of drug was determined. In
particular, the effect of compounds 34, 37, 69 and 70 (as
referenced hereinbelow) on the production of G-CSF was
tested, while the effect of an adenosine A3 receptor agonist,
IB-MECA, served as the control.
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FIG. 2 is a bar graph showing results of in vitro assay in
which proliferation of bone marrow cells was tested in the
presence of 10 uM of the compound. In particular, the effect
of compounds 34, 37, 69 and 70 (as referenced hereinbelow)
on [°H] thymidine incorporation was examined as compared
to the effect of an adenosine A3 receptor agonist, IB-MECA,
which served as the control.

FIGS. 3A-3C are bar graphs showing results of in vivo
assays in which the effect of some compounds of the
invention on white blood cell count (FIG. 3A), absolute
neutrophil counts (ANC) (FIG. 3B), and serum G-CSF
levels (FIG. 3C) in naive mice inoculated with two daily
doses of compounds 34, 37, 69 and 70 (as referenced
hereinbelow) (150 pmole/kg body weight per dose).

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is based on the development of

several novel adenosine receptor agonists. Thus, according
to a first of its aspects the present invention provides
compounds of the general formula (I):

@D
NHR;

N. A
RIW.
/
o Y N R,

OH OH

in which

W represents an oxygen, or sulfur atom;

R, represents a lower alkyl or lower cycloalkyl;

R, represents a halogen, lower alkenyl, lower alkynyl or
lower alkylidenchydrazino;

R, represents a lower alkyl, lower cycloalkyl, (ar)alkyl,
aryl or anilide, said cycloalkyl, aryl or (ar)alkyl may be
substituted with one or more halogen atom(s), hydroxy,
hydroxyalkyl;

or a salt of said compound,

with the exclusion of the following compounds:
2-Fluoro-5'-methylthioadenosine;
2-Chloro-5'-deoxy-5'-methylthioadenosine;
2-Fluoro-5'-deoxy-5'-ethylthioadenosine;
2-Chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

More particularly, the present invention provides com-
pounds of general formula (I), wherein the substituents are
as follows:

W represents an oxygen or sulfur atom;

R, represents a lower alkyl or cycloalkyl;

R, represents a halogen, alkynyl or alkylidenehydrazino;

and

R; represents a cycloalkyl or an (ar)alkyl, said aralkyl

optionally substituted with at least one halogen atom.

According to some specific embodiments, the compounds
of the present invention are those in which

W represents a sulfur atom;

R, represents an alkyl group;

R, represents a halogen atom; and

R, represents a hydrogen atom.
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According to one preferred embodiment, W represents a
sulfur atom, R, is a lower alkyl selected from the group
consisting of methyl, ethyl, n- and i-propyl; R, is iodine; and
R; is a hydrogen.

According to a second preferred embodiment, W is a
sulfur atom, R, is a lower alkyl selected from the group
consisting of methyl, ethyl, n- and i-propyl; R, is an alkynyl
group; and R; is a hydrogen. According to this embodiment,
R, is preferably 1-hexynyl.

According to a third preferred embodiment, W is a sulfur
atom, R, is a lower alkyl selected from the group consisting
of methyl, ethyl, n- and i-propyl; R, is an alkylidenehy-
drazino; and R; is a hydrogen. According to this embodi-
ment, R, is preferably N'-3-methyl-1-butylidenehydrazino.

According to a fourth preferred embodiment, W is an
oxygen atom, R, is an alkyl, R, is a halogen atom; and R,
is selected from hydrogen, cycloalkyl or a substituted or
unsubstituted (ar)alkyl group. More preferably, R, is a lower
alkyl selected from methyl, ethyl, or cyclopropyl, R, is a
chloride, and R; is a halobenzyl, preferably 3-iodobenzyl.

Specific compounds of the present invention include:

5'-Deoxy-2-iodo-5'methylthioadenosine; (compound 33

hereinafter);

5'-Deoxy-2-iodo-5'-ethylthioadenosine (compound 34
hereinafter);

5'-Deoxy-2-iodo-5'-propylthioadenosine (compound 35
hereinafter).

5'-Deoxy-2-iodo-5'-isopropylthioadenosine
36 hereinafter);

(compound

5'-Deoxy-2-(1-hexynyl)-5'-methylthioadenosine ~ (com-
pound 37 hereinafter);

5'-Deoxy-2-(1-hexynyl)-5'-ethylthioadenosine (com-
pound 38 hereinafter);

5'-Deoxy-2-(1-hexynyl)-5'-propylthioadenosine  (com-

pound 39 hereinafter);
5'-Deoxy-2-(1-hexynyl)-5'-isopropylthioadenosine (com-
pound 40 hereinafter);
5'-Deoxy-2-(N'-3-methyl-1-butylidenchydrazino)-5'-me-
thylthioadenosine (compound 45 hereinafter);
5'-Deoxy-2-(N'-3-methyl-1-butylidenchydrazino)-5'-eth-
ylthioadenosine (compound 46 hereinafter);
5'-Deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-pro-
pylthioadenosine (compound 47 hereinafter);
5'-Deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-iso-
propylthioadenosine (compound 48 hereinafter);
N°-Cyclopentyl-5'-O-methyladenosine  (compound 67
hereinafter);
N°-(3-Iodobenzyl)-5'-O-methyladenosine (compound 68
hereinafter);
2-Chloro-5'-O-methyladenosine (compound 69 hereinaf-
ter)
N°-Cyclopentyl-2-chloro-5-O-methyladenosine
pound 70 hereinafter);
N°-(3-Iodobenzyl)-2-chloro-5'-O-methyladenosine (com-
pound 71 hereinafter);
N°-Cyclopentyl-5'-O-ethyladenosine (compound 73 here-

(com-

inafter);

N°®-(3-Iodobenzyl)-5'-O-ethyladenosine (compound 74
hereinafter);

2-Chloro-5'-O-ethyladenosine (compound 75 hereinaf-
ter);

N°-Cyclopentyl-2-chloro-5'-O-ethyladenosine (com-
pound 76 hereinafter);

N°®-(3-Iodobenzyl)-2-chloro-5'-O-ethyladenosine  (com-

pound 77 hereinafter);
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NS-Cyclopentyl-5'-O-cyclopropyladenosine  (compound

78, 79 hereinafter);
N°-(3-iodobenzyl)-5'-O-cyclopropyladenosine
pound 80 hereinafter);
2-Chloro-5'-O-cyclopropyladenosine (compound 81 here-
inafter);

N°®-Cyclopentyl-2-chloro-5'-O-cyclopropyladenosine

(compound 82 hereinafter);

N°®-(3-iodobenzyl)-2-chloro-5-O-cyclopropyladenosine

(compound 83 hereinafter);

The compounds of the present invention may be prepared
by several synthesis procedures. For example, the synthesis
route to obtain the C2,5'-disubstituted derivatives 33-40 and
4548 are depicted in scheme 1 hereinbelow:

(com-

N
NH
]
HO )\
o N N NH,

HO OH

guanosine

HO OH

Cl

N
NH
I
cl
Z
o N N NH,

8

it with hydrazine monohydrate at 80° C. 2-(N'-3-Methyl-1-

butylidenehydrazino)-adenosine (3) was generated by the

condensation of 2 with isovaleraldehyde according to the

method of Niiya et al.” 2-(1-Hexynyl)adenosine (4) was
5 prepared in good yield (88%) by reacting 1 with 1-hexyn.®*®
Part of the synthesis route for compounds 3340 and 4548
was similar to that of compounds 24, except for the fact that
prior to C-2 substitution, the 5'-alkylthio substituents were
introduced. In fact, this was performed in an early stage of
the route, i.e. at commercially available guanosine, which
was also used as the starting material for 2-iodoadenosine
(1) itself. The 5'-(alkylthio)-substituted derivatives 17-20
were obtained by reacting 5'-chloro-5'-deoxy-guanosine
(16) with the appropriate thiol in 2 M NaOH.">2° Subse-

0
N
NH
P
S
oN N NH,

HO OH

17-20

Cl (€]

N N N
</ | N </ | Ny </ | NH
R N )\ R N )\ b N )\
o N I o N NH, o N NH,
e e
e d
AcO OAc AcO OAc AcO OAc
29-32 25-28 21-24
fl
NH, NH,
N N
</ | Xy </ | N
R N )\ R N )\
o N I o N R
gorh
—

HO OH HO

33-36

OH

37-40, 4548

R’ = SCH;, SC>Hs, $-n-C3Hj; or 8-i-C3Hy; 37-40 R = C=C(CH,)3CHjs; 45-48 R = NHN == CHCH,CH(CHj)»;
(a) HMPA, SOCl, Dowex 50 W (H"); (b) i) RSH, 2M NaOH, reflux ii) acetic acid; (c) i) DMAP,

CH3CN, E3N, acetic anhydride ii) MeOH; (d) CH3CN, EtyNCI, N, N-dimethylaniline, POCl3, reflux; (e)

L, CHyIp, Cul, isopentylnitrite, THF; (f) EtOH/NH3; (g) CH3CN, EtsN, Cul, PdCly, PhP, 1-hexyn; (h) i)

isopropanol, hydrazine monohydrate, reflux ii) MeOH, isovalderaldehyde reflux

According to this scheme, the synthesis of the compounds
of the invention started with 2-iodoadenosine (1), which is
an important intermediate for the synthesis of several
adenosine derivatives, described in literature.'® 2-Hydrazi-
noadenosine (2) was synthesized starting from 1 by stirring

quently, the 2',3"-hydroxyl groups were acetyl protected to
avoid complications during further synthesis, and com-

65 pounds 21-24 were obtained in quantitative yields.
Chlorination on the 6-position of compounds 21-24 was
performed with phosphoryl chloride (POCI,),***! yielding
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2-amino-6-chloro-9-(2,3-di-O-acetyl-5-alkylthio-5-deoxy-
[O-D-ribo-furanosyl)-purine derivatives 25-28 in reasonable
to good yields (40-74%). Subsequently, the 2-amino group
of compounds 25-28 was replaced by iodine via a diazoti-
zation-iodine substitution reaction.>* This method appeared
to be an efficient way to prepare 29-32. The 5'-alkylthio-2-
iodoadenosine intermediates, 33-36, were obtained by stir-
ring 29-32 with ethanol saturated with ammonia. The acetyl
protecting groups were readily removed under these condi-
tions. The 6-position, however, was aminated only after a
few days. Finally, as for compound 3,® the 2-(1-hexynyl)
group could be easily introduced in 33-36, and the 5'-alky-
Ithio-5'-deoxy-2-(1-hexynyl)adenosine derivatives 37-40
were obtained in good yields. The 5'-alkylthio-5'-deoxy
2-(N'-3-methyl-1-butylidenehydrazino)adenosine  deriva-
tives (45-48) were synthesized by the condensation of the
5'-deoxy-2-hydrazino-5'-alkylthioadenosine derivatives
(41-44) with isovaleraldehyde as described above.”

Alternatively, the NG&,C2,5-tri-substituted adenosine
derivatives 66-83 of the invention may be prepared by the
following scheme 2:

O, 0

D-Ribose a

O

10

obtained.*® The hydroxyl groups of 54-56 were then pro-
tected with acetyl groups. The fully protected compounds
57-59 were then coupled to the appropriate heterocyclic
base, e.g. 6-chloropurine or 2,6-dichloropurine, according to
the Vorbreggen method 45 to give compounds 60-65 in
good yields (48-84%). Amination with EtOH/NHj;, cyclo-
pentylamine or 3-iodobenzylamine gave the unprotected
substituted adenosine derivatives 68-83."

As will be detailed in the following specific examples, the
compounds of the present invention are biologically active.

The term “biologically active” indicates that the com-
pound of the present invention has a biological activity, for
example, a measurable effect on a target receptor. As will be
detailed hereinafter, the compound of the present invention
may induce the biological action of adenosine receptors,
thus acting as adenosine receptor agonists.

The term “agonist” used herein refers to a biologically
active ligand, which binds to its complementary biologically
active receptor and activates the latter either to cause a
biological response in the receptor or to enhance preexisting
biological activity of the receptor. The agonist in fact mimics

3 2 b d B c S %,
6><6 5><6
49 50 51-53 54-56
d
57-59
el
NHR* Cl
</N Xy </N Xy
1 l 1 |
RO N N)\ 3 RO N N)\ 0
e} e}
f
—————
HO OH R?0 OR?
66-83 60-65

Reaction conditions: a: acetone, MeOH, 2,2-dimethoxypropane, HCI gas, b: NaH, DMF,
alkylhalide, ¢: 1) 0.04 M NaOH ii) BaCOs3, d) pyridine, DMAP, acetic anhydride, e: 1,2-
dichloroethane, silylated base, TMSOTHT, f. i) EtOH/NHj or ii) abs. EtOH, appropriate

amine

According to this scheme, the protected ribose (50) was
obtained by leading HCI gas through a solution of the
starting material D-ribose (49) in a mixture of acetone,
MeOH and 2,2-dimethoxypropane.*® Alkylation of the free
hydroxyl group of 50 was performed under standard condi-
tions, i.e. treatment with NaH in DMF under cooling,
followed by the addition of the alkylhalide iodomethane,
iodoethane or cyclopropylbromide, respectively. Subse-
quently, the protecting groups of the alkylated compounds
51-53 were removed by refluxing the material in aqueous
HCI (0.04 M) for 2 hours, and compounds 54-56 were

the effect of the natural ligand, in the present case, the
adenosine, or at times, even increases or prolongs the
duration of the biological effect obtained as compared to the
effect induced by the natural ligand.

More preferably and as will be shown in the following
Specific Examples, the compounds of the present invention
are partial agonists of adenosine receptors.

A compound according to the invention is considered a
“partial agonist” if it is unable to produce maximal activa-
tion of the receptor to which it binds no matter how high is
its concentration.
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The present invention also provides pharmaceutical com-
positions comprising as active ingredient an effective
amount of one or more of a compound of the general
formula (I):

@D
NHR;

N x
RW.
Z
N
o N

R,

OH OH

in which

W represents an oxygen, or sulfur atom;

R, represents a lower alkyl or lower cycloalkyl;

R, represents a halogen, lower alkenyl, lower alkynyl or
lower alkylidenchydrazino;

R, represents a lower alkyl, lower cycloalkyl, (ar)alkyl,
aryl or anilide, said cycloalkyl, aryl or (ar)alkyl may be
substituted with one or more halogen atom(s), hydroxy,
hydroxyalkyl;

or a salt of said compound,

with the exclusion of the following compounds:
2-Fluoro-5'-methylthioadenosine;
2-Chloro-5'-deoxy-5'-methylthioadenosine;
2-Fluoro-5'-deoxy-5'-ethylthioadenosine;
2-Chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

The “effective amount™ for purposes herein is determined
by such considerations as may be known in the art. The
amount must be effective to achieve the desired therapeutic
effect e.g. activation or inhibition of cAMP through the
binding of the compounds of the present invention to an
adenosine receptor. The effective amount depends, inter alia,
on the type and severity of a disease to be treated and the
treatment regime. The effective amount is typically deter-
mined in appropriately designed clinical trials (dose range
studies) and the person versed in the art will know how to
properly conduct such trials in order to determine the
effective amount. As generally known, an effective amount
depends on a variety of factors including the affinity of the
ligand to the receptor, its distribution profile within the body,
a variety of pharmacological parameters such as half life in
the body, on undesired side effects, if any, on factors such as
age and gender, etc.

The terms “treat”, “treating” and “treatment” refer to the
administering of a therapeutic amount of the compound or
composition of the present invention which is effective to
ameliorate undesired symptoms associated with a disease, to
prevent the manifestation of such symptoms before they
occur, to slow down the progression of a disease, to slow
down the deterioration of symptoms, to slow down the
irreversible damage caused by the chronic stage of a disease,
to lessen the severity or cure a disease, to improve survival
rate or more rapid recovery, to prevent the disease from
occurring, or a combination of two or more of the above.

According to one embodiment of the invention, the dis-
ease is preferably such, which requires for its treatment the
activation or inhibition of cAMP via the binding of a
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compound of the invention to an adenosine receptor. For
example, compounds of the invention which in preference
bind and activate the A, receptors may be implicated as e.g.,
sleep modulator, antihypertensives, analgesics, antidiabetic
compounds, tissue-protective agents, compounds which
bind and activate the A, , receptors may be implicated as e.g.
antihypertensives and neuroleptics while compounds which
bind and activate the A receptors may be implicated as e.g.
tissue-protective agents and anti-tumor agents.

The pharmaceutical composition of the present invention
may further comprise pharmaceutically acceptable addi-
tives.

Further, the term “pharmaceutically acceptable additives”
used herein refers to any substance combined with said
compound and include, without being limited thereto, dilu-
ents, excipients, carriers, solid or liquid fillers or encapsu-
lating materials which are typically added to formulations to
give them a form or consistency when it is given in a specific
form, e.g. in pill form, as a simple syrup, aromatic powder,
and other various elixirs. The additives may also be sub-
stances for providing the formulation with stability, sterility
and isotonicity (e.g. antimicrobial preservatives, antioxi-
dants, chelating agents and buffers), for preventing the
action of microorganisms (e.g. antimicrobial and antifungal
agents, such as parabens, chlorobutanol, phenol, sorbic acid
and the like) or for providing the formulation with an edible
flavor etc.

Preferably, the additives are inert, non-toxic materials,
which do not react with the active ingredient of the inven-
tion. Yet, the additives may be designed to enhance the
binding of the active agent to its receptor. Further, the term
additive may also include adjuvants, being substances
affecting the action of the active ingredient in a predictable
way.

The additives can be any of those conventionally used and
are limited only by chemico-physical considerations, such as
solubility and lack of reactivity with the compound of the
invention, and by the route of administration.

The active agent of the invention may be administered
orally to the patient. Conventional methods such as admin-
istering the compound/s in tablets, suspensions, solutions,
emulsions, capsules, powders, syrups and the like are usable.

For oral administration, the composition of the invention
may contain additives for facilitating oral delivery of the
compound/s of the invention. Formulations suitable for oral
administration can consist of (a) liquid solutions, such as an
effective amount of the compound dissolved in diluents,
such as water, saline, or orange juice; (b) capsules, sachets,
tablets, lozenges, and troches, each containing a predeter-
mined amount of the active ingredient, as solids or granules;
(c) powders; (d) suspensions in an appropriate liquid; and (e)
suitable emulsions. Liquid formulations may include dilu-
ents, such as water and alcohols, for example, ethanol,
benzyl alcohol, and the polyethylene alcohols, either with or
without the addition of a pharmaceutically acceptable sur-
factant, suspending agent, or emulsifying agent. Capsule
forms can be of the ordinary hard- or soft-shelled gelatin
type containing, for example, surfactants, lubricants, and
inert fillers, such as lactose, sucrose, calcium phosphate, and
corn starch. Tablet forms can include one or more of lactose,
sucrose, mannitol, corn starch, potato starch, alginic acid,
microcrystalline cellulose, acacia, gelatin, guar gum, colloi-
dal silicon dioxide, croscarmellose sodiumk talc, magne-
sium stearate, calcium stearate, zinc stearate, stearic acid,
and other excipients, colorants, diluents, buffering agents,
disintegrating agents, moistening agents, preservatives, fla-
voring agents, and pharmacologically compatible carriers.
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Lozenge forms can comprise the active agent in a flavor,
usually sucrose and acacia or tragacanth, as well as pastilles
comprising the active ingredient in an inert base, such as
gelatin and glycerin, or sucrose and acacia, emulsions, gels,
and the like. Such additives are known in the art.

Alternatively, the compound/s may be administered to the
patient parenterally. In this case, the composition will gen-
erally be formulated in a unit dosage injectable form (solu-
tion, suspension, emulsion). Pharmaceutical formulation
suitable for injection may include sterile aqueous solutions
or dispersions and sterile powders for reconstitution into
sterile injectable solutions or dispersions. The carrier can be
a solvent or dispersing medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene
glycol, lipid polyethylene glycol and the like), suitable
mixtures thereof; a vegetable oil such as cottonseed oil,
sesame oil, olive oil, soybean oil, corn oil, sunflower oil, or
peanut oil; a fatty acid esters such as ethyl oleate and
isopropyl myristate and variety of other solvent systems as
known per se. The carrier may be chosen based on the
physical and chemical properties of the active agent.

In case the active ingredient has poor water solubility, and
an oily carrier is therefore used, proper fluidity can be
maintained, for example, by the use of a emulsifiers such as
phospholipids, e.g. lecithin or one of a variety of other
pharmaceutically acceptable emulsifiers. As known per se,
the proper choice if a surfactant and the treatment conditions
may also permit to control the particle size of the emulsion
droplets.

Suitable soaps for use in parenteral formulations, in case
the active ingredient has poor water solubility, include fatty
alkali metal, ammonium, and triethanolamine salts, and
suitable detergents include oleic acid, stearic acid, and
isostearic acid. Ethyl oleate and isopropyl myristate are
examples of suitable fatty acid esters.

Suitable detergents for use in parenteral formulations
include fatty alkali metal, ammonium, and triethanolamine
salts, and suitable detergents include (a) cationic detergents
such as, for example, dimethyl dialkyl ammonium halides,
and alkyl pyridinium halides, (b) anionic detergents such as,
for example, alkyl, aryl, and olefin sulfonates, alkyl, olefin,
ether, and monoglyceride sulfates, and sulfosuccinates, (c)
nonionic detergents such as, for example, fatty amine
oxides, fatty acid alkanolamides, and polyoxy-ethylenep-
olypropylene copolymers, (d) amphoteric detergents such
as, for example, alkyl-f-aminopriopionates, and 2-alkyl-
imidazoline quaternary ammonium salts, and (3) mixtures
thereof.

Further, in order to minimize or eliminate irritation at the
site of injection, the compositions may contain one or more
nonionic surfactants having a hydrophile-lipophile balance
(HLB) of from about 12 to about 17. Suitable surfactants
include polyethylene sorbitan fatty acid esters, such as
sorbitan monooleate and the high molecular weight adducts
of ethylene oxide with a hydrophobic base, formed by the
condensation of propylene oxide with propylene glycol.

The choice of an additive will be determined in part by the
particular compound of the present invention, as well as by
the particular method used to administer the composition.

Notwithstanding the above, the composition of the
present invention may include one or more of the com-
pounds of the present invention and may be comprise other
biologically active substances, to provide a combined thera-
peutic effect.

The compounds and compositions of the present inven-
tion as set forth hereinabove and below are administered and
dosed in accordance with good medical practice, taking into
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account the clinical conditions of the individual patient, the
site and method of administration, scheduling of adminis-
tration, individual’s age, sex, body weight and other factors
known to medical practitioners.

The dose may be single doses or multiple doses over a
period of several days. The treatment generally has a length
proportional to the length of the disease process and drug
effectiveness and the individual species being treated. Suit-
able doses and dosage regimens can be determined by
conventional range-finding techniques known to those of
ordinary skill in the art. Generally, treatment is initiated with
smaller dosages, which are less than the optimum dose of the
compound. Thereafter, the dosage is increased by small
increments, until the optimum effect under the circum-
stances is reached. Exemplary dosages range from about
0.001 mg/kg body weight to about 10 mg/kg body weight of
the subject being treated/day.

Some of the new compounds of the invention are agonists
of'the A1 adenosine receptor (“Al Agonist”) some others are
agonists of the A2 adenosine receptor (“A2 Agonist”) and
some others are agonists of the A3 adenosine receptor (“A3
Agonist”). Some of the compounds may also have agonistic
activity to more than one of these adenosine receptors.
Additionally, some of them show full agonistic activity and
some show partial agonistic activity. Thus, different com-
pounds of the invention may have different therapeutic
applications based on their different agonistic activity. The
agonistic activity for a specific compound may be deter-
mined based on its binding properties and on its biological
effect. For example, it is known that A3 agonists can inhibit
proliferation of tumor cells on the one hand and induce
proliferation of white blood cells and neutrophils on the
other hand (see WO01/19360). Thus, to determine whether
a compound has an A3 agonistic activity, it may be incu-
bated in vitro with tumor cells and with white blood cells
and measure cell proliferation in order to show its dual effect
on said cells. Furthermore, a compound shown to have an A3
agonistic activity in vitro may then be administered to
animals using appropriate animal models (see WOO1/
19360) to determine its in vivo effect.

Similarly, Al agonists are known to induce proliferation
of white blood cells but, unlike A3 agonists, do not inhibit
proliferation of tumor cells. Thus, an assay similar to that
disclosed above, compounds of Al agonistic activity may be
determined.

For example, compounds that have either Al or A3
agonistic activity may be used for protection against drug-
induced myelotoxicity. Compounds, having an A3 agonistic
activity may be used for anti-cancer agents.

Compounds with A2 agonistic activity are known to be
active as neuroleptic agents, e.g. for the treatment of psy-
chosis, or for wound healing. Thus, appropriate models to
test such activity may be used in order to evaluate whether
a given compound is an A2 agonist.

Additionally, various binding assays known per se may
also be used in order to determine affinity of the compounds
to any one of the adenosine receptors.

The therapeutic utility for a given compound can thus be
determined based on such assays.

The invention has been described in an illustrative man-
ner, and it is to be understood that the terminology which has
been used, is intended to be in the nature of words of
description rather than of limitation. Obviously, many modi-
fications and variations of the present invention are possible
in light of the above teaching. It is therefore, to be under-
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stood that within the scope of the appended claims, the
invention may be practiced otherwise than as specifically
described hereinafter.

Throughout the description various publications are
referred to by a number. Full citations of the publications are
listed at the end of the description before the claims.

SPECIFIC EXAMPLES
Example 1

Synthesis of C2,5'-Disubstituted Adenosine
Derivatives Chemistry-General

Chemicals and solvents. Guanosine was obtained from
Aldrich (Aldrich Chemie, Sigma-Aldrich Chemie BY,
Zwijndrecht, The Netherlands). All other reagents were from
standard commercial sources and of analytic grade. [°H]
DPCPX  (1,3-dipropyl-8-cyclopentylxanthine), [*H]ZM
241385 and ['**IJAB-MECA were purchased from NEN
(Hoofddorp, The Netherlands).

Chromatography. Thin-layer chromatography (TLC) was
carried out using aluminium sheets (20x20 cm) with silica
gel F, 5, from Merck. Spots were visualized under UV (254
nm). Preparative column chromatography was performed on
silica gel (230-400 mesh ASTM).

Instruments and Analysis. Elemental analyses were per-
formed for C, H, N (Department of Analytical Chemistry,
Leiden University, The Netherlands). *C NMR spectra
were measured at 50.1 MHz with a JEOL INM-FX 200
spectrometer equipped with a PG 200 computer operating in
the Fourier-transform mode. '"H NMR spectra were mea-
sured at 200 MHz, using the above mentioned spectrometer,
or at 300 MHz, using a Bruker WM-300 spectrometer
equipped with an ASPECT-2000 computer operating in the
Fourier-transform mode. Chemical shifts for 'H and '*C
NMR are given in ppm (1) relative to tetramethylsilane
(TMS) as internal standard.

All high resolution mass spectra were measured on a
Finnigan MAT900 mass spectrometer equipped with a direct
insertion probe for EI experiments (70 eV with resolution
1000) or on a Finnigan MAT TSQ-70 spectrometer equipped
with an electrospray interface for ESI experiments. Spectra
were collected by constant infusion of the analyte dissolved
in 80/20 methanol/H,O. ESI is a soft ionization technique
resulting in protonated, sodiated species in positive ioniza-
tion mode and deprotonated species in the negative ioniza-
tion mode.

Resolution of the compounds was achieved by reverse-
phase HPLC (Gilson HPLC system, 712 system controller
software. Gilson Netherlands, Meyvis en Co BV, Bergen op
Zoom, the Netherlands) using a 65% MeOH/31.5% H,O/
3.5% CH,CN (v/v) mobile phase, an Alltima C18 5u (250
mmx4.6 mm) or a nucleotide/nucleoside 7p (250 mmx4.6
mm) column (Alltech Nederland BV, Breda, the Nether-
lands) at a flow rate of 0.7 ml/min. The peaks were defined
by measurement of UV absorbance (254 nm). Retention
times are given.

Melting points were determined in a B[chi capillary
melting point apparatus.

Synthesis Procedures

Syntheses. 5'-Chloro-5'-deoxyguanosine (compound 16).
Guanosine (43.5 g, 0.15 mol) was dissolved in hexameth-
ylphosphorictriamide (HMPA, 40 ml, 0.23 mol). Thionyl
chloride (61.5 ml, 0.85 mol) was added in 1 h. The mixture
was stirred at ambient temperature for 1 h, diluted with

20

25

30

35

40

45

50

55

60

65

16

water and chromatographed on Dowex 50 W (H"). After
washing with water (350 mL), the product was collected by
eluting 5% aqueous ammonia (350 ml). The fraction was
concentrated in vacuo. Yield 40 g (0.13 mol, 86%), "H NMR
(DMSO-dy) 8 10.53 (bs, 1H, NH), 7.89 (s, 1H, H-8), 6.50
(bs, 2H,NH,), 5.72 (d, J=5.84 Hz, 1H, H-1"), 5.55 (d, J=6.52
Hz, 1H, OH-2"), 5.39-5.35 (m, 1H, OH-3"), 4.57 (q, J=5.15
Hz, 1H, H-2"), 4.16-4.05 (m, 1H, H-3"), 4.05-3.97 (m, 1H,
H-4"), 3.86 (dq, J=11.67 Hz, 2H, H-5".

General procedure for the syntheses of 5'-alkylthio
derivatives (compounds 17-20). The appropriate thiol (3.32
mmol) was dissolved in 10 ml 2 M NaOH. After stirring,
5'-chloro-5'-deoxyguanosine (16; 100 mg, 0.33 mmol) was
slowly added. The mixture was refluxed for 2-2.5 h and then
cooled to room temperature. It was acidified with acetic acid
and a white precipitate was formed. The precipitate was
filtered and dried.

5'-Deoxy-5"-methylthioguanosine (compound 17). The
reaction was carried out with sodium thiomethoxide (27.42
g, 0.39 mol) and 16 (11.8 g, 39.1 mmol). Yield 10.41 g (33.2
mmol, 85%), 'H NMR (DMSO-d,) 8 7.85 (s, 1H, H-8), 7.23
(bs, 2H, NH,), 5.68 (d, J=6.18 Hz, 1H, H-1"), 4.53-4.51 (m,
1H, H-2"), 4.05-3.99 (m, 1H, H-3"), 3.99-3.95 (m, 1H, H-4),
2.78 (t, I=6.52 Hz, 2H, H-5"), 1.67 (s, 3H, CH,).

5'-Deoxy-5'-ethylthioguanosine (compound 18). The
reaction was carried out with ethanethiol (20.6 ml (0.28 mol)
and 16 (8.40 g, 27.8 mmol). Yield 6.98 g (21.3 mmol, 77%),
'H NMR (DMSO-d) & 10.70 (bs, 1H, NH), 7.90 (s, 1H,
H-8), 6.48 (bs, 2H, NH,), 5.68 (d, J=6.18 Hz, 1H, H-1"),
5.52-548 (m, 1H, OH-2"), 5.32-5.19 (m, 1H, OH-3",
4.55-4.52 (m, 1H, H-2"), 4.05-4.03 (m, 1H, H-3"), 4.03-3.91
(m, 1H, H-4"), 2.80 (pt, J=7.21 Hz, 2H, H-5"), 2.49 (m, 2H,
CH,), 1.13 (t, J=7.21 Hz, 3H, CH,).

5'-Deoxy-5'"-propylthioguanosine (compound 19). The
reaction was carried out with 1-propanethiol (27.0 ml, 0.30
mol) and 16 (9.0 g, 29.8 mmol). Yield 6.1 g (17.9 mmol,
60%), '"H NMR (DMSO-dy) 8 10.69 (bs, 1H, NH), 7.90 (s,
1H, H-8), 6.51 (bs, 2H, NH,), 5.67 (d, J=5.84 Hz, 1H, H-1,
4.55 (t, J=3.42 Hz, 1H, H-2"), 4.03 (t, J=3.43 Hz, 1H, H-3"),
3.93 (pt, J=3.44 Hz, 1H, H-4"), 2.78 (pt, J=6.18 Hz, 2H,
H-5", 2.49 (m, 2H, SCH,), 1.49 (q, J=7.20 Hz, 2H,
CH,CH,), 0.86 (t, J=7.20 Hz, 3H, CH,).

5'-Deoxy-5'-isopropylthioguanosine (compound 20). The
reaction was carried out with 2-propanethiol (30.8 ml, 0.33
mol) and 16 (10.0 g, 33.2 mmol). Yield 6.64 g (19.5 mmol,
59%), '"H NMR (DMSO-dy) 8 10.68 (bs, 1H, NH), 7.90 (s,
1H, H-8), 6.49 (bs, 2H, NH,), 5.67 (d, J=6.18 Hz, 1H, H-1,
4.52 (t, J=5.49 Hz, 1H, H-2"), 4.03 (t, J=4.46 Hz, 1H, H-3"),
3.92 (pq, J=6.86 Hz, 1H, H-4"), 3.04-2.69 (m, 2H, H-5"),
3.04-2.69 (m, 1H, CH), 1.17 (d, J=6.53 Hz, 6H, CH,).

General acetylation procedure of derivatives 17-20 to
obtain compounds 21-24. To a suspension of compound 17
(0.46 mmol) and 4-dimethylaminopyridine (DMAP; 0.03
mmol) in a mixture of acetonitrile (5.7 ml) and triethylamine
(154 ul, 1.1 mmol) was added acetic anhydride (95 ul, 1
mmol) at room temperature. The mixture was stirred for 1 h
until the solution became clear. Methanol (10 ml) was added
and the solution was stirred for 5-10 minutes, concentrated
in vacuo and stirred with isopropanol. The white slurry
obtained was filtered and subsequently stirred with hexane.
The white precipitate was filtered and dried.

2'3'-di-O-Acetyl-5'-deoxy-5"-methylthioguanosine (com-
pound 21). The reaction was carried out with 5'-deoxy-5'-
methylthioguanosine (17, 10.4 g, 33.2 mmol). Yield 10.5 g
(26.4 mmol, 79%), 'H NMR (DMSO-dg) & 7.98 (s, 1H,
H-8), 6.59 (bs, 2H, NH,), 5.99-5.90 (m, 1H, H-19,
5.99-5.90 (m, 1H, H-2"), 5.43 (1, J=3.78 Hz, 1H, H-3"), 4.24
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(pq, I=3.19 Hz, 1H, H-4"), 2.96-2.88 (m, 2H, H-5"), 2.11,
2.07 (2xs, 6H, 2xCOCH,), 2.00 (s, 3H, SCH,).

2'3'-di-O-Acetyl-5'-deoxy-5'-ethylthioguanosine  (com-
pound 22). The reaction was carried out with 5'-deoxy-5'-
ethylthioguanosine (18, 6.98 g, 21.3 mmol). Yield 7.94 g
(19.3 mmol, 91%), 'H NMR (DMSO-dg) & 7.95 (s, 1H,
H-8), 6.86 (bs, 2H, NH,), 5.97-5.89 (m, 1H, H-19,
5.97-5.89 (m, 1H, H-2", 5.30 (pq, J=3.26 Hz, 1H, H-3"),
4.21 (pq, J=3.12 Hz, 1H, H-4"), 3.00-2.90 (m, 2H, H-5",
2.52 (pq, J=7.45 Hz, 2H, CH,), 2.10, 1.99 (2xs, 6H
2xCOCH,), 1.13 (t, J=7.42 Hz, 3H, CH,).

2'3'-di-O-Acetyl-5'-deoxy-5'-propylthioguanosine (com-
pound 23). The reaction was carried out with 5'-deoxy-5'-
propylthioguanosine (19, 5.74 g, 16.8 mmol). Yield 5.71 g
(13.4 mmol, 80%), 'H NMR (DMSO-dy) 8 10.71 (bs, 1H,
NH), 7.97 (s, 1H, H-8), 6.55 (bs, 2H, NH,), 5.95 (m, 1H,
H-1, 5.95 (m, 1H, H-2"), 5.41 (m, 1H, H-3"), 4.20 (m, 1H,
H-4"), 2.95 (d, J=5.83 Hz, 2H, H-5"), 2.49 (m, 2H, SCH,),
2.11, 1.99 (2xs, 6H, 2xCOCH,), 1.49 (q, J=6.86 Hz, 2H,
CH,Ch,), 0.86 (t, J=6.18 Hz, 3H, CH,).

2'3'-di-O-Acetyl-5'-deoxy-5'-isopropylthioguanosine
(compound 24). The reaction was carried out with 5'-deoxy-
S'-isopropylthioguanosine (20, 6.64 g, 19.5 mmol). Yield
6.92 g (16.3 mmol, 83%), "H NMR (DMSO-dg) 8 10.80 (bs,
1H, NH), 7.98 (s, 1H, H-8), 6.58 (bs, 2H, NH,), 5.94-5.90
(m, 1H, H-1"), 5.94-5.90 (m, 1H, H-2"), 5.42 (t, J=4.12 Hz,
1H, H-3"), 4.25-4.12 (m, 1H, H-4"), 2.99-2.93 (m, 3H, CH,
H-5, 2.10,2.00 (2xs, 6H, 2xCOCH,), 1.16 (d, J=6.18 Hz,
6H, 2xCH,).

General chlorination procedure of derivatives 21-24 to
obtain compounds 25-28. To a suspension of the appropriate
2'3'-di-O-acetyl-5'-alkylthio-5'-deoxyguanosine (19.3
mmol, predried) and tetracthylammonium chloride (6.48 g,
39.1 mmol; pre-dried in vacuo at 80° C.) in acetonitrile (40
ml) were added N,N-dimethylaniline (2.52 ml, 20.0 mmol,
dried and distilled from KOH), and phosphoryl chloride
(POCl;, 10.95 ml, 0.12 mol, freshly distilled) at room
temperature. The flask was placed in an oil bath preheated at
100° C. and the solution was refluxed for 10-15 minutes.
Volatile materials were evaporated immediately in vacuo.
The resulting yellow foam was dissolved in CH,Cl, (100
ml) and stirred vigorously for 15 minutes with crushed ice.
The layers were separated and the aqueous phase was
extracted with CH,Cl, again (75 ml). The combined organic
layers were kept cold by addition of crushed ice and washed
with cold water (3x75 mL), 5% NaHCO,/H,O to pH 7, dried
over MgSO, and filtered. The residue was purified by
column chromatography.

2-Amino-6-chloro-9-(2,3-di-O-acetyl-5-deoxy-5-meth-
ylthio-B-D-ribofuranosyl)-purine (compound 25). The reac-
tion was carried out with 2',3'-di-O-acetyl-5'-deoxy-5'-me-
thylthioguanosine (21, 5.96 g, 15.0 mmol). The mixture was
purified by column chromatography (eluens EtOAc:PE40/
60=1:1 to 2:1). Yield 3.83 g (9.21 mmol, 62%), R, 0.28
(BtOACc:PE40/60=2:1). "H NMR (DMSO-dy) 8 8.40 (s 1H,
H-8), 7.08 (bs, 2H, NH,), 6.10-5.99 (m, 2H, H-1', H-2",
5.49-5.45 (m, 1H, H-3"), 4.31-4.24 (m, 1H, H-4"), 2.96 (pd,
J=6.86 Hz, 2H, H-5"), 2.12, 2.06 (2xs, 6H, COCH;), 1.97 (s,
3H, SCH,).

2-Amino-6-chloro-9-(2,3-di-O-acetyl-5-deoxy-5-eth-
ylthio-f-D-ribofuranosyl)-purine (compound 26). The reac-
tion was carried out with 2',3'-di-O-acetyl-5'-deoxy-5'-eth-
ylthioguanosine (22, 7.94 g, 19.3 mmol). The mixture was
purified by column chromatography (eluens EtOAc:PE40/
60=3:2). Yield 4.23 g (9.84 mmol, 51%), R, 0.51 (EtOAc:
PE40/60=2 1). 'H NMR (DMSO- d6) d 841 (s, 1H, H-8),
7.09 (bs, 2H, NH,), 6.07 (d, J=6.75 Hz, 1H, H-1"), 6.01 (q,
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J=6.72 Hz, 1H, H-2", 5.46 (dd, J=5.47 Hz, J=3.21 Hz, 1H,
H-3"), 4.26 (dt, J=6.65 Hz, ]=3.20 Hz, 1H, H-4"), 2.98 (pd,
J=7.35 Hz, 2H, H-5"), 2.52 (q, J=7.58 Hz, 2H, CH,), 2.12,
1.99 (2xs, 6H, 2xCOCH,), 1.12 (t, J=4.79 Hz, 3H, CH,).

2-Amino-6-chloro-9-(2,3-di-O-acetyl-5-deoxy-5-propy-
Ithio-p-D-ribofuranosyl)-purine (compound 27). The reac-
tion was carried out with 2',3'-di-O-acetyl-5'-deoxy-5'-pro-
pylthioguanosine (23, 5.71 g, 13.4 mmol). The mixture was
purified by column chromatography (eluens EtOAc:PE40/
60=1:1). Yield 4.41 g (9.91 mmol, 74%), R 0.44 (EtOAc:
PE 40/60=2:1). 'H NMR (DMSO-dy) 8. 40 (s, 1H, H-8),
7.08 (bs, 2H, NH,), 6.10-5.99 (m, 2H, H-1', H-2"), 5.46 (pt,
J=3.09 Hz, 1H, H-3"), 4.25 (pq, J=3.09 Hz, 1H, H-4"), 2.97
(d, I=6.52 Hz, 2H, H-5"), 2.49 (m, 2H, SCH,), 2.12, 1.99
(2xs, 6H, 2xCOCHy,), 1.47 (pq, J=7.55 Hz, CH,CH,), 0.84
(t, I=7.21 Hz, 3H, CH,).

2-Amino-6-chloro-9-(2,3-di-O-acetyl-5-deoxy-5-isopro-
pylthio-p-D-ribofuranosyl)-purine (compound 28). The
reaction was carried out with 2',3'-di-O-acetyl-5'-deoxy-5'-
isopropylthioguanosine (24, 6.72 g, 15.8 mmol). The mix-
ture was purified by column chromatography (eluens
EtOAc:PE40/60=1:1). Yield 5.20 g (11.7 mmol, 74%), R,
0.39 (EtOAc: PE40/60=2:1). "H NMR (DMSO- d6) 8 8.40 (s
1H, H-8), 7.07 (bs, 2H, NH,), 6.09-5.96 (m, 2H, H-1', H-2"),
5.48-5.44 (m, 1H, H-3"), 4.25-4.23 (m, 1H, H-4"),3.01-2.92
(m, 2H, H-5"), 3.01-2.92 (m, 1H CH), 2.12, 1.99 (2xs, 6H,
2xCOCH,), 1.15 (d, J=6.53 Hz, 6H, 2xCH,).

General diazotization method of derivatives 25-28 to
obtain compounds 29-32. Isopentylnitrite (23.2 mmol, 3.10
ml) was added to a mixture of the appropriate 2-amino-6-
chloro-9-(2,3-di-O-acetyl-5-alkylthio-5-deoxy-8-D-ribo-
furanosyl)-purine (7.49 mmol), I, (7.49 mmol, 1.90 g),
CH,I, (77.5 mmol, 6.24 ml) and Cul (7.87 mmol, 1.50 g) in
40 ml tetrahydrofuran. The dark brown solution was
refluxed (under intensive cooling) for 4060 minutes and
then cooled to room temperature. The mixture was filtered
and the filtrate was concentrated in vacuo. The residue was
dissolved in CH,Cl, and extracted with a saturated Na,S,0;
solution, until the colour disappeared. The organic layer was
dried and concentrated. The brownish oil was purified by
column chromatography.

6-Chloro-2-i0do-9-(2,3-di-O-acetyl-5-deoxy-5-meth-
ylthio-B-D-ribofuranosyl)-purine (compound 29). The reac-
tion was carried out with 2-amino-6-chloro-9-(2,3-di-O-
acetyl-5-deoxy-5-methylthio-[-D-ribofuranosyl)-purine
(25, 3.83 g, 9.21 mmol). The mixture was purified by
column chromatography (eluens CH,Cl,-5% MeOH in
CH Cl) Yield 3.99 g (7.58 mmol, 82%) R, 0.62 (5%
MeOH in CH,CL,); 'H NMR (DMSO -dg) O 8 84 (s, 1H,
H-8), 6.27 (d, J=5.49 Hz, 1H, H-1"), 5.96 (t, J=5.49 Hz, 1H,
H-2"), 5.58 (t, J=5.49 Hz, 1H, H-3"), 4.37-4.32 (m, 1H, H-4",
2.98 (d, J=6.86 Hz, 2H, H-5"), 2.12, 2.07 (2xs, 6H,
2xCOCH,), 2.02 (s, 3H, SCH,).

6-Chloro-2-i0do-9-(2,3-di-O-acetyl-5-deoxy-5-ethylthio-
p-D-ribofuranosyl)-purine (compound 30). The reaction was
carried out with 2-amino-6-chloro-9-(2,3-di-O-acetyl-5-
deoxy-5-ethylthio-p-D-ribofuranosyl)-purine (26, 3.22 g,
7.49 mmol). The mixture was purified by column chroma-
tography (eluens CH,Cl,). Yield 2.88 g (5.33 mmol, 71%),
R,0.71 (5% MeOH in CH,Cl,);

1HNMR (DMSO-d,) 6 8.48 (s, 1H, H-8), 5.91 (d, J=5.49
Hz, 1H, H-1"), 5.61 (t, J=5.49 Hz, 1H, H-2"), 5.22 (t, J=4.80
Hz, 1H, H-3"),3.97 (q, I=3.77 Hz, 1H, H-4"), 2.65 (d, J=6.87
Hz, 2H, H-5"), 2.49 (q, J=7.21 Hz, 2H, CH,), 1.76, 1.66 (2xs,
6H, 2xCOCH,), 0.77 (t, J=7.20 Hz, 3H, CH,).

6-Chloro-2-i0do-9-(2,3-di-O-acetyl-5-deoxy-5-propy-
Ithio-p-D-ribofuranosyl)-purine (compound 31). The reac-
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tion was carried out with 2-amino-6-chloro-9-(2,3-di-O-
acetyl-5-deoxy-5-propylthio-f-D-ribofuranosyl)-purine (27,
4.41 g, 9.91 mmol). The mixture was purified by column
chromatography (eluens EtOAc:PE40/60=1:1) Yield 4.02 g
(7.23 mmol, 73%), R,0.50 (EtOAc: PE40/60=2:1); '"HNMR
(DMSO-dy) o 8.83 (s, 1H, H-8), 6.27 (d, J=5.49 Hz, 1H,
H-1, 5.97 (1, I=5.49 Hz, 1H, H-2"), 5.58 (t, J=5.15 Hz, 1H,
H-3"), 432 (q, I=3.77 Hz, 1H, H-4"), 2.99 (d, J=6.53 Hz, 2H,
H-5, 2.12, 2.02 (2xs, 6H, 2xCOCHj;), 1.54-1.43 (m, 4H,
CH,CH,), 0.84 (t, J=7.21 Hz, 3
6-Chloro-2-iodo-9-(2,3-di-O-acetyl-5-deoxy-5-isopropy-
Ithio-p-D-ribofuranosyl)-purine (compound 32). The reac-
tion was carried out with 2-amino-6-chloro-9-(2,3-di-O-
acetyl-5-deoxy-5-isopropylthio-f3-D-ribofuranosyl)-purine
(28, 520 g, 11.7 mmol). The mixture was purified by
column chromatography (eluens EtOAc:PE 40/60=1:1).).
Yield 4.88 g (8.76 mmol, 75%), R, 0.47 (EtOAc: PE40/
60=2:1); 'H NMR (DMSO-dy) 8 8. 82 (s, 1H, H-8), 6.26 (d,
J=5.49 Hz, 1H, H-1", 5.96 (t, ]=5.49 Hz, 1H, H-2"), 5.59 (t,
J=5.20 Hz, 1H, H-3"), 431 (pt, J=5.15 Hz, 1H, H-4",
3.02-2.95 (m, 2H, H-5"), 3.02-2.95 (m, 1H, CH), 2.11, 2.02
(2xs, 6H, 2xCOCH,), 1.16 (d, J=4.80 Hz, 6H, 2xCH,).
General procedure for N°-amination and deprotection of
derivatives 29-32 to obtain 33-36. The appropriate
6-chloro-2-i0do-9-(2,3-di-O-acetyl-5-alkylthio-5-deoxy-f3-
D-ribofuranosyl)-purine (5.33 mmol) was stirred with 50
mL EtOH/NH; for 64 h. The mixture was concentrated and
purified by column chromatography.
5'-Deoxy-2-iodo-5"-methylthioadenosine (compound 33).
The reaction was carried out with 6-chloro-2-iodo-9-(2,3-
di-O-acetyl-5-deoxy-5-methylthio-f-D-ribofuranosyl)-pu-
rine (29, 3.99 g, 7.58 mmol). The mixture was purified by
column chromatography (10% MeOH in CH,Cl,). Yield
2.21 g (5.22 mmol, 69%), mp 90-93 pC; R, 0.24 (10%
MeOH in CH,Cl,). The product was recrystallized from
EtOAc; "H NMR (DMSO-dy) 8 8.29 (s, 1H, H-8), 7.71 (bs,
2H,NH,), 5.79 (d, I=5.84 Hz, 1H, H-1", 5.52 (d, ]=6.52 Hz,
1H, OH-2"), 5.35 (d, J=5.80 Hz, 1H, OH-3"), 4.69 (m, 1H,
H-2", 4.11-4.02 (m, 1H, H-3"), 4.11-4.02 (m, 1H, H-4",
2.85-2.80 (m, 2H, H-5", 2.06 (s, 3H, SCH;); MS m/z 424
(M+H)"; Anal. (C,,H,,IN;0;5.0.35 EtOAc) C, H, N.
5'-Deoxy-2-5'-ethylthioiodoadenosine (compound 34).
The reaction was carried out with 6-chloro-2-iodo-9-(2,3-
di-O-acetyl-5-deoxy-5-ethylthio-[-D-ribofuranosyl)-purine
(30, 2.88 g, 5.33 mmol). The mixture was purified by
column chromatography (eluens EtOAc). Yield 2.05 g (4.69
mmol, 88%), mp 76-79 pC; R0.15 (5% MeOH in CH,Cl,);
'H NMR (DMSO-dy) 829 (s, 1H, H-8), 7.27 (bs, 2H,
NH,), 5.79 (d, J=6.18 Hz, 1H, H-1"), 5.50 (d, J=6.18 Hz, 1H,
OH-2"), 5.34 (d, J=4.80 Hz, 1H, OH-3"), 4.69 (q, J=5.15 Hz,
1H, H-2"), 4.11-4.07 (m, 1H, H-3"), 4.07-3.96 (m, 1H, H-4",
2.86 (pt, J=5.84 Hz, 2H, H-5"), 2.53 (q, J=7.21 Hz, 2H, CH,),
1.98, 1.74 (2xs, 6H, 2xCOCH,), 1.14 (t, I=7.21 Hz, 3H,
CH,), MS m/z 438 (M+H)*; Anal. (C,,H,4,N;0,8)C, H, N.
5'-Deoxy-2-iodo-5"-propylthioadenosine (compound 35).
The reaction was carried out with 6-chloro-2-iodo-9-(2,3-
di-O-acetyl-5-deoxy-5-propylthio-f-D-ribofuranosyl)-pu-
rine (31, 4.02 g, 7.23 mmol). The mixture was purified by
column chromatography (eluens 10% MeOH in CH,CL,).
Yield 2.35 g (5 21 mmol, 72%), mp 98-101 pC; R, 0.30
(10% MeOH in CH,CL,); 'H NMR (DMSO-d) 8 8 30 (s
1H, H-8), 7.73 (bs, 2H, NH,), 5.71 (d, J=6.18 Hz, 1H, H-1"),
5.52 (d, J=6.18 Hz, 1H, OH-2"), 535 (d, J=5.15 Hz, 1H,
OH-3"), 4.72 (q, J=5.15 Hz, 1H, H-2"), 4.15-4.08 (m, 1H,
H-3"), 4.08-3.96 (m, 1H, H-4"), 2.86 (pt, J=5.84 Hz, 2H,
H-5", 2.49-2.46 (m, 2H, SCH,), 1.51 (q, J=7.21 Hz, 2H,
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CH,CH,), 0.87 (t, J=7.21 Hz, 3H, CH,); MS m/z 452
(M+H)™; Anal. (C,;H,,IN,O,S)C, H, N.

5'-Deoxy-2-iodo-5'-isopropylthioadenosine  (compound
36). The reaction was carried out with 6-chloro-2-i0do-9-
(2,3-di-O-acetyl-5-deoxy-5-isopropylthio-B-D-ribofurano-
syD)-purine (32, 4.88 g, 8.76 mmol). The mixture was
purified by column chromatography (eluens 10% MeOH in
CH,CL,). Yield 2.77 g (6.13 mmol, 70%), mp 102-104pC; R,
0.33 (10% MeOH in CH,Cl,). The product was recrystal-
lised from EtOAc; 'H NMR (DMSO-d) 68.29 (s, 1H, H-8),
7.71 (bs, 2H, NH,), 5.79 (d, J=6.18 Hz, 1H, H-1"), 5.50 (d,
J=5.83 Hz, 1H, OH-2"), 5.34 (d, J=4.80 Hz, 1H, OH-3"), 4.69
(9, I=5.49 Hz, 1H, H-2"), 4.10 (pq, J=3.43 Hz, 1H, H-3"),
3.97 (pq, J=3.44 Hz, 1H, H-4"), 2.97-2.82 (m, 2H, H-5"),
2.97-2.87 (m, 1H, CH), 1.17 (d, J=6.52 Hz, 6H, 2xCH,);
MS m/z 452 (M+H)*; Anal. (C,;H,3IN;O;S 0.11 EtOAc) C,
H, N

General procedure for the introduction of a 1-hexyn group
at derivatives 1 and 33-36, to obtain 4 and 37-40. To a
solution of the appropriate 5'-alkylthio-5'-deoxy-2-iodoad-
enosine (0.92 mmol) in 7 ml dry acetonitrile and 7 ml
triethylamine under a nitrogen atmosphere was added Cul
(0.07 mmol, 13.3 mg), PdCl, (0.05 mmol, 8.47 mg) and
Ph,P (0.11 mmol). To the suspension was added 1-hexyn
(4.45 mmol, 511 pl) and the mixture was stirred overnight
under nitrogen atmosphere. The light brown solution was
filtered and concentrated. The residue was extracted with
water and EtOAc (3x50 ml), the organic layer was dried,
concentrated and purified by column chromatography.

2-lodoadenosine (1). was prepared according to litera-
ture.'® Yield 80%; mp 185-187 pC; R0.21 (10% MeOH in
CH,CL,).

2-(1-Hexynyl)adenosine (4).® The reaction was carried
out with 2-iodoadenosine (1, 440 mg, 1.12 mmol). The
mixture was purified by column chromatography (eluens
CH,CI, to 10% MeOH in CH,Cl,). Yield 330 mg (0.95
mmol 85%), mp 106-109 pC; R, 0.10 (10% MeOH in
CH,Cl,). The product was re-crystallized from CH,CL,; 'H

NMR (DMSO-d,) [18.37 (s, 1H, H-8), 7.41 (bs, 2H, NH,),
5.84 (d, J=6.18 Hz, 1H, H-1'), 5.45 (d, J=6.18 Hz, 1H,
OH-2", 5.22-5.16 (m, 1H, OH-5"), 522-5.16 (m, 1H,
OH-3"), 4.52 (q, I=5.15 Hz, 1H, H-2"), 4.11 (q, J=3.43 Hz,
1H, H-3"), 3.93 (pd, J=3.43 Hz, 1H, H-4"), 3.65-3.48 (m, 2H,
H-5", 2.39 (t, J=6.86 Hz, 2H, =CCH,), 1.51-1.39 (m, 4H,
CH,CH,), 0.90 (t, J=6.87 Hz, 3H, CH;); MS m/z 348
(M+H)*; Anal. (C,;H,;N0,.0.22 CH,Cl,) C, H, N.
5'-Deoxy-2-(1-hexynyl)-5'-methylthioadenosine ~ (com-
pound 37). The reaction was carried out with 5'-deoxy-2-
iodo-5"-methylthioadenosine (33, 480 mg, 1.13 mmol). The
mixture was purified by column chromatography (eluens
CH,CI, to 10% MeOH in CH,Cl,).Yield 257 mg (0.68
mmol, 60%); mp 64-67 pC; R, 0.28 (10% MeOH in
CH,CL,). The product was re-crystallized from methanol;
'H NMR (DMSO-d,) 68.37 (s, 1H, H-8), 7.39 (s, 2H, NH,),
5.85 (d, J=6.18 Hz, 1H, H-1'), 5.49 (d, J=6.18 Hz, 1H,
OH-2", 5.32 (d, J=4.81 Hz, 1H, OH-3"), 4.67 (q, J=5.49 Hz,
1H, H-2"), 4.12-3.95 (m, 1H, H-3"), 4.12-3.95 (m, 1H, H-4"),
2.84 (t, J=5.49 Hz, 2H, H-5"), 2.40 (t, J=6.68 Hz, 2H,
=CCH,), 2.05 (s, 3H, SCH,), 1.55-132 (m, 4H,
=CCH,CH,CH,), 0.90 (t, J=6.18 Hz, 3H, CH,); MS m/z
378 (M+H)"; Anal. (C,,H,;N.O,S 0.56 CH,OH)C, H, N.
5'-Deoxy-2-(1-hexynyl)-5'-ethylthioadenosine (com-
pound 38). The reaction was carried out with 5'-deoxy-5'-
ethylthio-2-iodoadenosine (34, 400 mg, 0.92 mmol). The
mixture was purified by column chromatography (eluens
CH,Cl, to 10% MeOH in CH,CL,). Yield 161 mg (0.41
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mmol, 45%); mp 72-75 pC; R, 0.38 (10% MeOH in
CH,Cl,). The product was re-crystallized from CH,CL,; 'H
NMR (DMSO-d,) 88.38 (s, 1H, H-8), 7.39 (s, 2H, NH,),
5.85 (d, J=6.18 Hz, 1H, H-1"), 5.49 (d, =6.52 Hz, 1H,
OH-2"), 5.32 (d, J=4.81 Hz, 1H, OH-3"), 4.71-4.69 (m, 1H,
H-2), 4.11-4.00 (m, 1H, H-3"), 4.11-4.00 (m, 1H, H-4",
2.85 (pd, J=7.55 Hz, 2H, H-5"), 2.49-2.40 (m, 2H, SCH,),
249240 (m, 2H, =CCH,), 1.52-143 (m, 4H,
=CCH,CH,CH,), 1.14 (t, J=7.20 Hz, 3H, SCH,CH,), 0.90
(t, J=7.21 Hz, 3H, CH;), MS m/z 392 (M+H)*; Anal.
(C,sH,5N5058.0.14 CH,Cl,) C, H, N.

5'-Deoxy-2-(1-hexynyl)-5'-propylthioadenosine ~ (com-
pound 39). The reaction was carried out with 5'-deoxy-2-
iodo-5'"-propylthioadenosine (35, 500 mg, 1.11 mmol). The
mixture was purified by column chromatography (eluens
CH,Cl, to 10% MeOH in CH,CL,). Yield 320 mg (0.79
mmol, 71%), mp 68-71 pC; R,0.30 (5% MeOH in CH,Cl,).
The product was re-crystallized from CH,Cl,; 'H NMR
(DMSO-dy) 88.38 (s, 1H, H-8), 7.39 (s, 2H, NH,), 5.86 (d,
J=6.18 Hz, 1H, H-1"), 5.50 (d, J=5.83 Hz, 1H, OH-2"), 5.31
(d, J=4.81 Hz, 1H, OH-3"), 4.73 (q, J=5.15 Hz, 1H, H-2"),
4.10 (pq, J=4.81 Hz, 1H, H-3"), 4.01-3.99 (m,1H, H-4), 2.86
(pt, J=5.26 Hz, 2H, H-5"), 2.49-2.41 (m, 2H, =CCH,),
249-241 (m, 2H, SCH,), 1.61-144 (m, 4H,
=CCH,CH,CH,), 1.61-1.44 (m, 2H, SCH,CH,), 0.94-0.83
(m, 6H, 2xCH,); MS m/z 406 (M+H)"; Anal
(CoH,,N;058 0.12 CH,CL,) C, H, N.

5'-Deoxy-2-(1-hexynyl)-5'-isopropylthioadenosine (com-
pound 40). The reaction was carried out with 5'-deoxy-2-
iodo-5'-isopropylthioadenosine (36, 500 mg, 1.11 mmol).
The mixture was purified by column chromatography (elu-
ens CH,Cl, to 10% MeOH in CH,Cl,). Yield 306 mg (0.75
mmol, 68%), mp 77-81 pC; R 0.28 (5% MeOH in CH,Cl,).
The product was re-crystallized from CH,Cl,; 'H NMR
(DMSO-d,) 8 8.39 (s, 1H, H-8), 7.40 (bs, 2H, NH,), 5.86 (d,
J=5.84 Hz, 1H, H-1"), 5.50 (d, J=6.17 Hz, 1H, OH-2"), 5.32
(d, J=4.81 Hz, 1H, OH-3"), 4.74 (q, J=5.83 Hz, 1H, H-2"),
4.12 (pq, J=3.77 Hz, 1H, H-3"), 4.09-3.98 (m, 1H, H-4",
2.95-2.88 (m, 2H, H-5"), 2.95-2.88 (m, 1H, CH), 2.40 (t,
J=6.52 Hz, 2H, =CCH,), 1.53-1.45 (m, 4H, CH,CH,), 1.18
(d, J=6.86 Hz, 6H, (CH,),), 0.91 (t, J=7.21 Hz, 3H, CH,);
MS m/z 406 (M+H)*; Anal. (C,,H,,N;0,S.0.17 CH,Cl,) C,
H, N.

General method for the introduction of a 2-hydrazino
group at derivatives 1 and 33-36 to obtain 2 and 41-44. A
pressure tube was charged with the appropriate 5'-alkylthio-
5'-deoxy-2-iodoadenosine (1.37 mmol) and 10 ml isopro-
panol. To the obtained suspension hydrazine monohydrate
(14.0 mmol, 678 pl) in 1 ml isopropanol was added. The
mixture was heated to 80° C. and after 30 minutes a clear
solution was obtained. The solution was heated overnight at
80° C. A white precipitate had appeared and the mixture was
cooled to room temperature under vigorous stirring. The
white powder was filtered and dried.

2-Hydrazinoadenosine (2).” The reaction was carried out
with 2-iodoadenosine (1, 500 mg, 1.27 mmol). Yield 310 mg
(1.04 mmol, 82%), 'H NMR (DMSO-dg) & 7.95 (s, 1H,
H-8), 7.29 (bs, 1H, NH), 6.87 (bs, 2H, NH,), 5.78 (d, J=6.18
Hz, 1H, H-1"), 5.43-5.29 (m, 1H, OH-2"), 5.29-5.05 (m, 1H,
OH-5"), 5.29-5.05 (m, 1H, OH-3"), 4.59-4.56 (m, 1H, H-2",
4.14-4.11 (m, 1H, H-3"), 3.91-3.89 (m, 1H, H-4"), 3.63-3.54
(m, 2H, H-5".

5'-Deoxy-2-hydrazino-5'-methylthioadenosine (com-
pound 41). The reaction was carried out with 5'-deoxy-2-
iodo-5"-methylthioadenosine (33, 540 mg, 1.28 mmol).
Yield 240 mg (0.73 mmol, 57%), 'H NMR (DMSO-d;) &
7.94 (s, 1H, H-8), 7.30 (bs, 1H, NH), 6.82 (bs, 2H, NH,),
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5.77 (d, I=5.83 Hz, 1H, H-1"), 4.70 (t, J=5.83 Hz, 1H, H-2"),
4.13 (t, J=3.78 Hz, 1H, H-3"), 4.01-3.92 (m, 1H, H-4"), 2.81
(t, J=7.20 Hz, 2H, H-5"), 2.04 (s, 3H, SCH,).

5'-Deoxy-2-hydrazino-5'-ethylthioadenosine (compound
42). The reaction was carried out with 5'-deoxy-2-iodo-5'-
ethylthioadenosine (34, 600 mg, 1.37 mmol). Yield 358 mg
(1.05 mmol, 76%), 'H NMR (DMSO-d,) 8§ 7.94 (s, 1H,
H-8),7.31 (bs, 1H, NH), 6.83 (bs, 2H, NH,), 5.77 (d, J=5.83
Hz, 1H, H-1"), 4.69 (t, J=5.49 Hz, 1H, H-2"), 4.13 (t, J=4.11
Hz, 1H, H-3"), 3.95-3.93 (m, 1H, H-4"), 2.84 (t, J=6.52 Hz,
2H, H-5", 2.49-2.47 (m, 2H, SCH,), 1.13 (t, J=7.56 Hz, 3H,
CH,).

5'-Deoxy-2-hydrazino-5'-propylthioadenosine (com-
pound 43). The reaction was carried out with 5'-deoxy-2-
iodo-5'-propylthioadenosine (35, 700 mg, 1.55 mmol). Yield
468 mg (1.32 mmol, 85%), 'H NMR (DMSO-d,) § 7.95 (s,
1H, H-8), 7.31 (bs, 1H, NH), 6.84 (bs, 2H, NH,), 5.77 (d,
J=5.15 Hz, 1H, H-1"), 4.71 (1, J=5.84 Hz, 1H, H-2",
4.20-4.10 (m, 1H, H-3"), 4.07-3.91 (m, 1H, H-4"), 2.83 (pt,
J=6.18 Hz, 2H, H-5"), 2.49-2.44 (m, 2H, SCH,), 1.50 (pq,
J=7.20 Hz, 2H CH,CH,), 0.88 (t, J=7.55 Hz, 3H, CH,).

5'-Deoxy-2-hydrazino-5'-isopropylthioadenosine  (com-
pound 44). The reaction was carried out with 5'-deoxy-2-
iodo-5'-isopropylthioadenosine (36, 700 mg, 1.55 mmol).
Yield 452 mg (1.27 mmol, 82%), 'H NMR (DMSO-dy) §
7.97 (s, 1H, H-8), 7.37 (bs, 1H, NH), 6.86 (bs, 2H, NH,),
5.78 (d, I=5.49 Hz, 1H, H-1"), 4.70 (t, J=5.49 Hz, 1H, H-2",
4.16 (t, J=4.46 Hz, 1H, H-3", 3.95 (q, J=3.78 Hz, 1H, H-4),
3.06-2.77 (m, 2H, H-5", 3.06-2.77 (m, 1H, CH), 1.17 (d,
J=6.86 Hz, 6H, 2xCH,).

General procedure to convert the 2-hydrazino group of
derivatives 2 and 41-44, into a 2-(N-3-methyl-1-butylidene-
hydrazino) group in derivatives 3 and 45-48. A pressure tube
was charged with the appropriate 5'-deoxy-2-hydrazino-5'-
alkylthiodenosine (1.05 mmol) and 8 ml methanol. 1.2
Molar equivalents (1.40 mmol, 146 pl) isovaleraldehyde
were added and the mixture was refluxed for 18 h. The
mixture was concentrated in vacuo and purified by column
chromatography.

2-(N'-3-Methyl-1-butylidenehydrazino)adenosine (com-
pound 3).” The reaction was carried out with 2-hydrazinoad-
enosine (2, 310 mg, 1.04 mmol). Yield 274 mg (0.75 mmol,
72%), mp 176-179 »C; R, 0.20 (10% MeOH in CH,CL,).
The product was recrystallised from MeOH; 'H NMR
(MeOD) o 8.02 (s, 1H, H-8), 7.34 (t, J=6.18 Hz, 1H,
N=CH), 5.93 (d, J=5.84 Hz, 1H, H-1"), 4.67 (t, J=5.49 Hz,
1H, H-2"), 4.34-4.30 (m, 1H, H-3"), 4.14 (q, J=3.09 Hz, 1H,
H-4"),3.81 (dq, J=16.82 Hz, J=3.09 Hz, 2H, H-5"), 2.26-2.17
(m, 2H, CH,), 1.89-1.83 (m, 1H, CH(CH,),), 0.99 (d,
J=6.87 Hz, 6H, (CH,),); MS m/z 366 (M+H)"; Anal.
(C,5H,5N,0,.0.54 CH,OH)C, H, N.

5'-Deoxy-2-(N'-3-methyl-1-butylidenchydrazino)-5'-me-

thylthioadenosine (compound 45). The reaction was carried
out with 5'-deoxy-2-hydrazino-5'-methylthioadenosine (41,
240 mg, 0.73 mmol). The mixture was purified by column
chromatography (eluens 10% MeOH in CH,Cl,). Yield 210
mg (0.53 mmol, 73%), mp 122-125 pC; R, 0.25 (10%
MeOH in CH,Cl,). The product was recrystallized from
CH,Cl,; "H NMR (DMSO-d,) 8310.02 (bs, 1H, NH), 7.98
(s, 1H, H-8), 7.33 (t, J=5.49 Hz, 1H, N=CH), 6.91 (bs, 2H,
NH,), 5.77 (d, J=6.17 Hz, 1H, H-1), 549-5.41 (m, 1H,
OH-2"), 5.24-5.22 (m, 1H, OH-3"), 4.75-4.71 (m, 1H, H-2",
4.10-4.05 (m, 1H, H-3"), 4.05-3.95 (m, 1H, H-4"), 2.91-2.83
(m, 2H, H-5", 2.91-2.83 (m, 1H, CH(CH,),), 2.12-2.08 (m,
2H, CH,), 2.04 (s, 3H, SCH,), 0.91 (t, J=6.87 Hz, 6H, CH,),
MS m/z396 (M+H)*; Anal. (C, ;H,sN,0;S 0.33 CH,Cl,) C,
H, N.
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5'-Deoxy-2-(N'-3-methyl-1-butylidenchydrazino)-5'-eth-
ylthioadenosine (compound 46). The reaction was carried
out with 5'-deoxy-2-hydrazino-5'-ethylthioadenosine (42,
358 mg, 1.05 mmol). The mixture was purified by column
chromatography (eluens 10% MeOH in CH,CL,). Yield 193
mg (0.47 mmol, 45%), mp 106-109 pC; 'H NMR (DMSO-
de) 810.32 (bs, 1H, NH), 8.02 (s, 1H, H-8), 7.25-7.09 (m,
1H, N=CH), 6.91 (bs, 2H, NH,), 5.79 (d, J=6.16 Hz, 1H,
H-1", 5.50-5.36 (m, 1H, OH-2"), 5.28-5.16 (m, 1H, OH-3"),
4.79-4.68 (m, 1H, H-2"), 4.19-4.11 (m, 1H, H-3"), 4.06-3.95
(m, 1H, H-4"), 2.98-2.80 (m, 3H, H-5', CH(CH,),),
2.49-2.47 (m, 2H, SCH,), 2.11 (t, I=6.41 Hz, 2H, CHCH,),
1.15 (t, I=9.30 Hz, 3H, SCH,CH,), 0.94-0.83 (m, 6H,
2xCH;); MS m/z 410 (M+H)"; HPLC Alltima C18 5u
column (150 mmx4.6 mm) Reversed phase, flow 1 ml./min.
System A: 20-100% MeOH in H,O in 40 min.; retention
time: 25.31 min. System B: 20-100% CH;CN in H,O in 35
min.; retention time: 5.59 min.

5'-Deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-pro-
pylthioadenosine (compound 47). The reaction was carried
out with 5'-deoxy-2-hydrazino-5'-propylthioadenosine (43,
468 mg, 1.32 mmol). The mixture was purified by column
chromatography (eluens 10% MeOH in CH,CL,). Yield 364
mg (0.86 mmol, 65%), mp 150-152 »C; "H NMR (DMSO-
dg) 9 10.02 (bs, 1H, NH), 7.98 (s, 1H, H-8), 7.34 (t, J=5.80
Hz, 1H, N=CH), 6.91 (bs, 2H, NH,), 5.76 (d, J=6.16 Hz,
1H, H-1%, 5.43 (pd, J=4.55 Hz, 1H, OH-2"), 5.21-5.19 (m,
1H, OH-3", 4.75 (q, J=5.28 Hz, 1H, H-2"), 4.11 (pq, J=3.25
Hz, 1H, H-3"), 3.96 (pq, J=2.76 Hz, 1H, H-4"), 2.96-2.80 (m,
2H, H-5", 2.96-2.80 (m, 1H, CH(CH;),), 2.49-2.47 (m, 2H,
SCH,), 2.09 (t, I=6.52 Hz, 2H, CHCH,), 1.48 (pq, J=7.29
Hz, 2H, SCH,CH,), 0.94-0.83 (m, 9H, 3xCH,), MS nv/z
424 (M+H)"; Anal. (C, H,,N-,O,S. 0.72H,0)C, H, N.

5'-Deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-iso-
propthioadenosine (compound 48). The reaction was carried
out with 5'-deoxy-2-hydrazino-5'-isopropylthioadenosine
(44, 452 mg, 1.27 mmol). The mixture was purified by
column chromatography (eluens 10% MeOH in CH,Cl,).
Yield 350 mg (0.83 mmol, 65%), mp 156-158 pC; "H NMR
(DMSO-dy) 610.03 (bs, 1H, NH), 7.99 (s, 1H, H-8), 7.33 (t,
J=5.86 Hz, 1H, N=CH), 6.93 (bs, 2H, NH,,), 5.76 (d, J=6.07
Hz, 1H, H-1"), 5.45 (d, J=6.07 Hz, 1H, OH-2"), 5.22 (d,
J=4.80 Hz, 1H, OH-3"), 4.71 (q, I=5.37 Hz, 1H, H-2"), 4.12
(pq, J=3.38 Hz, 1H, H-3"),3.98-3.92 (m, 1H, H-4"), 2.94 (pt,
J=6.38 Hz, 1H, SCH), 2.86 (pq, J=6.83 Hz, 2H, H-5"), 2.08
(t, J=6.62 Hz, 2H, CHCH,), 1.86-1.76 (m, 1H, CH(CH,),),
1.15 (d, J=6.70 Hz, 6H, SCH(CH,),)), 0.90 (d, J=6.54 Hz,
6H, 2xCH,); MS nvz 424 (M+H)*; HPLC Alltima C18 5u
column (150 mmx4.6 mm) Reversed phase, flow 1 ml/min.
SystemA: 20-100% MeOH in H,O in 40 min.; retention
time: 27.40 min. System B: 20-100% CH;CN in H,O in 35
min.; retention time: 11.34 min.

An elemental analysis for compounds 1, 3, 4, 33-40, 45
and 47 is provided in Table 1, hereinbelow.

TABLE 1

Elemental Analysis

Atom
No  Mol. Formula Calculated Determined
1 CoH5IN50, - 0.33 EtOAc C 32.18% C 32.48%
H 3.49% H 3.10%
N 16.60% N 16.72%
3 C,sH,;3N,0, - 0.54 CH;0H C 48.77% C 49.16%
H 6.63% H 6.49%
N 25.62% N 25.41%
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TABLE 1-continued

Elemental Analysis

Atom
No  Mol. Formula Calculated Determined
4 CH, NsO, - 0.22 CH,CL, C 53.25% C 53.31%
H 591% H 5.82%
N 19.15% N 19.05%
33 C; H4IN5O;5S - 0.35 EtOAc C 32.82% C 32.93%
H 3.73% H 3.56%
N 15.41% N 15.51%
34 CpHEINSO;S C 32.96% C 33.14%
H 3.69% H 3.60%
N 16.02% N 16.01%
35 C3H3IN5O;S C 34.60% C 34.86%
H 4.02% H4.11%
N 15.52% N 15.20%
36  C,3HgIN5O;S - 0.11 EtOAc C 35.00% C 35.05%
H4.12% H 4.20%
N 15.20% N 15.29%
37  C;7H53N5058 - 0.56 CH;0H C 53.34% C 53.28%
H 6.43% H 6.10%
N 17.71% N 17.64%
38 CgH,5Ns058 - 0.14 CH,CL, C 54.04% C 54.11%
H 6.32% H 5.95%
N 17.38% N 17.30%
39 CoH,7/Ns0O58 - 0.12 CH,CL, C 55.20% C 55.35%
H 6.60% H 6.22%
N 16.83% N 16.55%
40  C4H,,Ns05S - 0.17 CH,CL, C 54.83% C 54.86%
H 6.56% H 6.22%
N 16.68% N 16.68%
45  CsHy5N,058 - 0.33 CH,CL, C 46.31% C 46.08%
H6.11% H 6.26%
N 23.15% N 23.44%
47 CgH,N,058 - 0.72 H,0O C 49.53% C 49.48%
H 7.03% H 6.71%
N 22.46% N 22.50%

Biology-General

Radioligand Binding Studies Measurements with [*H]
DPCPX in the absence of GTP were performed according to
a protocol published previously.>® Adenosine A, , receptor
affinities were determined according to Gao et al.** Adenos-
ine A, receptor affinities were determined essentially as
described. " Briefly, assays were performed in 50/10/1
buffer (50 mM Tris/10 mM MgCl,/1 mM ethylenediamine-
tetra-acetic acid (EDTA) and 0.01% 3-([3-cholamidopro-
pyl]-dimethylammonio)-1-propanesulfonate (CHAPS)) in
glass tubes and contained 50 ul. of a HEK 293 cell mem-
brane suspension (10-30 ug), 25 ul [***IJAB MECA (final
concentration 0.15 nM), and 25 uL. of ligand. Incubations
were carried out for 1 hr at 37° C. and were terminated by
rapid filtration over Whatman GF/B filters, using a Brandell
cell harvester (Brandell, Gaithersburg, Md.). Tubes were
washed three times with 3 ml of buffer. Radioactivity was
determined in a Beckman 5500B y-counter. Nonspecific
binding was determined in the presence of 10~> M R-PIA.

cAMP assay A, , CHO cells expressing human adenosine
A, , receptors were grown overnight as a monolayer in 24
wells tissue culture plates (400 OOL/well; 2x10° cells/well).
cAMP generation was performed in Dulbecco’s Modified
Eagles Medium (DMEM)/N-2-hydroxyethylpiperazin-N'-2-
ethanesulfonic acid (HEPES) buffer (0.60 g HEPES/50 mlL.
DMEM pH 7.4). To each well, washed three times with
DMEM/HEPES buffer (250 pm), 100 pl DMEM/HEPES
buffer, 100 ul adenosine deaminase (final concentration 5
1U/ml) and 100 wl of a mixture of rolipram and cilostamide
(final concentration 50 pM each) were added. After incuba-
tion for 40 minutes at 37° C., 100 ul agonist was added.
Here, the full agonist CGS 21680 or compounds 1, 3, 4,
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33-40 or 45-48 were used. After 15 minutes at 37° C., the
reaction was terminated by removing the medium and
adding 200 pl 0.1 M HCI. Wells were stored at —20° C. until
assay.

cAMP assay A; CHO cells expressing the human adenos-
ine A receptor were grown overnight as a monolayer in 24
wells tissue culture plates (400 ul/well; 2x10° cells/well).
cAMP generation was performed in Dulbecco’s Modified
Eagles Medium (DMEM)/N-2-hydroxyethylpiperazin-N'-2-
ethansulfonic acid (HEPES) buffer (0.60 g HEPES/50 ml
DMEM pH 7.4). To each well, washed three times with
DMEM/HEPES buffer (250 ul), 100 ul adenosine deaminase
(final concentration 5 IU/ml), 100 ul of a mixture of rolipram
and cilostamide (final concentration 50 uM each) and 100 pl
agonist (final concentration approx. 100x the K, value) were
added. After incubation for 40 minutes at 37° C., 100 pl
forskolin (final concentration 10 uM) was added. After 15
minutes at 37° C., the reaction was terminated by removing
the medium and adding 200 pl 0.1 M HCI. Wells were stored
at =20° C. until assay. The amounts of cAMP were deter-
mined after a protocol with cAMP binding protein®® with the
following minor modifications. As a buffer was used 150
mM K,HPO,/10 mM EDTA/0.2% Bovine Serum Albumine
(BSA) at pH 7.5. Samples (20 pl+30 pl 0.1 M HCI) were
incubated for at least 2.5 hours at 0° C. before filtration over
Whatman GF/B filters. Filters were additionally rinsed with
2x2 ml Tris HCI buffer (pH 7.4, 4° C.). Filters were counted
in Packard Emulsifier Safe scintillation fluid (3.5 ml) after
24 hours of extraction.

Data Analysis Apparent K, and EC;, values were com-
puted from the displacement curves by non-linear regression
of the competition curves with the software package Prism
(Graph Pad, San Diego, Calif.)

Biological Evaluation

All compounds were tested in radioligand binding assays
to determine their affinities for the adenosine A, receptor in
rat brain cortex, the A, , receptor in rat striatum and the
human A, receptor as expressed in HEK 293 cells (Table 2).
For the adenosine A, receptor, the tritiated antagonist, [*H]-
1,3-dipropyl-8-cyclopentylxanthine ([*H]DPCPX), and for
the adenosine A, , receptor, the tritiated antagonist [*H]ZM
241385 were used. [*>°I] AB-MECA, an A, receptor agonist,
was also used. Displacement experiments were performed in
the absence of GTP.

All compounds were also tested in functional assays. The
ability of the compounds (1, 3, 4, 33-40 and 45-48) to either
stimulate cAMP production through human adenosine A, ,
receptors expressed in CHO cells or inhibit the cAMP
production in human adenosine A, receptors expressed in
HEK 293 cells was assessed.

Results and Discussion

In a first attempt to synthesize the compounds of the
invention 2-iodoadenosine (1) was used as the starting
material*®. It was noted that the 2-substituent should pref-
erably be introduced prior to the 5'-substituent, since the
latter was mostly varied. Substitution of the 2-iodo group of
compound 1 with the desired substituents was quite straight-
forward. The  2-(N'-3-methyl-1-butylidenchydrazino)
derivative (3) was synthesized by the condensation of 2-hy-
drazinoadenosine (2) with isovaleraldehyde.” The complete
conversion of the iodo-nucleoside to its 2-(1-hexynyl)
derivative (4) was carried out by a modification of the
traditional palladium-catalyzed cross-coupling reaction.®
However, subsequent introduction of a good leaving group
at the 5'-position of compounds 2—4 failed. Chlorine was
preferred as leaving group, since the high reactivities of a
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p-toluenesulfonyl or methanesulfonyl group can cause ring
closure with the adenine part.>* An improved chlorination
method as described by Robins and co-workers® to intro-
duce chlorine at the 5'-position, has been successfully used
before.” In this procedure the formation of a diastereomeric
sulfite ester, readily hydrolyzed in aqueous methanolic
ammonia, renders the protection of the 2'- and 3'-hydroxyl
groups unnecessary. However, when applied to compounds
2,3 and 4 the desired products 5, 6 and 7 were not obtained.
Different amounts of SOCIl, and different temperatures
either led to decomposition of the starting material (2) or
resulted in the addition of chlorine to the multiple bond of
the C2-substituent (3 or 4) besides 5'-chlorination. It was
thus concluded that the reaction conditions of this chlorina-
tion method were too harsh. The conditions of another
chlorination method described to selectively halogenate the
S'-position of different unprotected nucleosides by using
carbon tetrahalides and triphenylphosphine,®* appeared to
be too mild. Straightforward mild Mitsunobu reaction con-
ditions were tried as well, first applied to commercially
available guanosine and adenosine. However, reaction con-
ditions for selective 5'-chlorination only were difficult to
control. Reaction with guanosine (-=10° C. for 1 hour) led to
chlorination of all three hydroxyl groups, while similar
conditions (-10° C. for 15-30 minutes) left adenosine
unreacted. In another route mild chlorination methods with-
out interference of the 2'- and 3'-hydroxyl groups were
explored by using partly protected starting materials. For
this purpose, 2',3'-O-isopropylidene-2-iodoadenosine was
successfully prepared by reaction of 2-iodoadenosine (1)
with acetone and 70% HCIO, as acid catalyst,> and the
2-(1-hexynyl) group was introduced as described above to
yield 2-(1-hexynyl)-2',3'-O-isopropylideneadenosine. Chlo-
rination of 2-(1-hexynyl)-2',3'-O-isopropylideneadenosine
using CCl, and PPh, as described by Homma et al.,*®
yielded the chlorinated compound, but in a low 15% yield
only. Unfortunately, problems were encountered in the next
reaction. Several attempts to convert 5'-deoxy-2-(1-hexy-
nyl)-5'-chloro-2',3'-O-isopropylideneadenosine into the 5'-
(ethylthio)-substituted  derivative by reaction with
ethanethiol in either KOtBu in MeOH or 2 M NaOH" did not
succeed. With the former procedure only starting material
was obtained again, even after 5 hours at 95° C. The latter
method caused significant decomposition and neither start-
ing material nor product were obtained.

In yet another route the 5'-substituent was introduced
prior to C2-substitution to circumvent all problems met in
the previous routes. The method of Robins®® yielded
5'-deoxy-2-i0odo-5'-chloroadenosine from 2-iodoadenosine
(1). However, besides the 5'-hydroxyl group, also the 2-iodo
group of 1 was replaced by chlorine to some extent, and a
mixture of 5'-deoxy-2-iodo-5'-chloroadenosine with 2,5'-
dichloro-5'-deoxyadenosine was obtained. Separation of the
two products by column chromatography proved impos-
sible. Thus, it was necessary to go further back in the
synthesis route, since pure 2,5'-dichloro-5'-deoxyadenosine,
obtained by chlorination of 2-chloroadenosine, failed to
react with ethanethiol under different conditions (either with
KOtBu in MeOH at different temperatures that all regained
starting material, or in 2 M NaOH at elevated temperatures
yielding the 2,5'-diethylthio substituted derivatives). Finally,
in Scheme 1 the successtul synthesis of the desired com-
pounds is depicted. The 5'-substituents were introduced at
guanosine, which is also the precursor of 2-iodoadenosine
(1). Although more laborious, this route starts with the
introduction of the 5'-alkylthio substituents at guanosine to
circumvent all described problems. Chlorination®® of gua-
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nosine gave 5'-chloro-5'-deoxy-guanosine (16) in 93% yield.
Compound 16 was reacted with the appropriate thiol in 2 M
NaOH"?® and the 2'- and 3'-hydroxyl groups of compounds
17-20 were subsequently protected to yield the 2'3'-O-
acetyl-5'-(alkylthio)-substituted derivatives 21-24. Several
laboratories have described chlorination on the 6-position of
purine nucleosides with phosphoryl chloride (POCI,).*%2*
To prevent decomposition of the starting materials, the
chemicals used were either properly dried or freshly dis-
tilled, and compounds 25-28 were obtained in reasonable to
good yields (40%—74%). Subsequently, the 2-amino group
of compounds 25-28 was replaced by iodine. The method
used?® was a variation of the originally diazotization-iodine
substitution procedure.>* With this efficient method 29-32
were obtained in good yields (71-82%). Stirring 29-32 in
ethanol freshly saturated with NH; readily removed the
protecting groups and slowly aminated the 6-position to give
the intermediates 33-36. NMR showed that amination at the
6-position needed stirring at room temperature for at least
two days. Subsequent introduction of the C2-substituents
was done as described above,”® and compounds 37-40 and
4548 were obtained in good yields.

Table 2 displays radioligand binding data for all synthe-
sized final products 1, 3, 4, 33-40 and 45-48. In the Table,
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A, receptor were also obtained with the 2-(N'-3-methylbu-
tylidenhydrazino) derivatives, which had previously been
tested in functional assays for the adenosine A; and A, ,
receptor only.” The 2-(1-hexynyl) derivatives (4, 37-40) had
the highest affinities for both the adenosine A,, and A,
receptor, compared to the 2-(N'-3-methylbutylidene)hy-
drazino and 2-iodo substituted compounds. Compound 4
had the highest affinity for the adenosine A, , receptor (K,
value of 6 nM), while compound 37 had the highest affinity
for the adenosine A; receptor (K, value of 14.5 nM). The
adenosine A, , receptor is known to accommodate only C2
substituents with a restrained spacer.”® This explains the
rather low affinities of the 2-iodo derivatives (1, 33-36) for
this receptor, and the good affinities of the compounds with
larger C2 substituents (1-hexynyl or N'-3-methylbutylidene-
hydrazino) that contain a relatively rigid spacer. The affini-
ties of the 2-iodo derivatives for the adenosine A; receptor
are significantly better than for the A, , receptor, indicating
that the C2 region of the adenosine A, receptor might be less
restrained.

Although the 5'-substituents were primarily shown to
induce partial agonism, they also had an effect on the affinity
of'the compounds. A similar change in affinity was observed
for both the adenosine A,, and the A, receptor. On most

the substituents are as defined herein (with R® being a 25 occasions, a bulky 5'-substituent led to a decrease in affinity
hydrogen), with reference to the compound of general for both receptor subtypes. Only in the 5'-substituted 2-io-
formula (I). doadenosine series (1, 33-36) adenosine A, , receptor affin-
TABLE 2
Radioligand binding assay
K; (nM) or % displacement at 10°M
No R'wW R? Al Ao’ Ag°
1 OH I 36.1% 4200 = 80 297 = 17
33 SCH,4 I 42.8% 3900 = 580 257 35
34 SC,Hs I 386 £ 384 1200 =120 395 = 61
35 S-n-C3H, 1 1050 + 485 440 = 50 558 + 179
36 S-i-C3H, 1 56.2% 820 + 180 546 = 86
4 OH C=C(CH,);CH; 63.7% 6x1 16.9 = 4.1
37 SCH,4 C=C(CH,);CH; 35.9% 60 £20 145 =34
38 SC,H; C=C(CH,),CH, 2180 = 1980 110 £30 323 = 11.8
39 S-n-C3H; C=C(CH,);CH, 46.5% 170 10 883 = 6.6
40 S-i-C3H, C=C(CH,);CH, 1270 £ 740 220 =10 75.4 = 43.1
3 OH NHN=CHCH,CH(CH;), 18.9% 20£7 383 3.3
45 SCH, NHN=CHCH,CH(CH,), 18.9% 220 = 20 253 =36
46 SC,H; NHN=CHCH,CH(CH,), 21.2% 500 = 40 814 = 132
47 S-n-C3H, NHN=CHCH,CH(CH;), 22.0% 1500 £ 280 697 =31
48 S-i-C3H, NHN=CHCH,CH(CH;), 13.0% 1800 230 409 = 118
From this table it is clear that most compounds had very 0 ity seemed to increase with a bulky substituent. The 5'-hy-

low or negligible affinity for the adenosine A, receptor. Also,
most compounds did not show any preference in binding at
either the adenosine A, , or the A, receptor, with reasonable
to good affinities for both receptor subtypes. Some com-
pounds were slightly selective for the adenosine A, , recep-
tor (3, 4) with an A, /A, selectivity ratio significantly
smaller than unity, while other compounds favored the
adenosine A; receptor more (1, 33-34, 38, 48) with an
A, /A, selectivity ratio up to 15-fold (33). Substitution at
the 2-position is known to increase selectivity for the
adenosine A, , receptor.”® More recently, radioligand bind-
ing studies of 2-(ar)alkynyl-substituted adenosine deriva-
tives have shown that besides A,/A, , selectivity, also A /A,
selectivity is increased by these 2-substituents.”'®>” Indeed,
the 2-(1-hexynyl) substituent induced high affinity for both
the adenosine A,, and A; receptor compared to the A,
receptor. High affinities for both the adenosine A, , and the
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droxyl derivatives 1, 3 and 4, had the highest affinity for both
the adenosine A* and the A; receptor, whereas the com-
pounds with the relatively large 5'-propylthio and 5'-isopro-
pylthio substituents had the lowest affinity for the two
receptor subtypes. Within the 2-iodoadenosine series
increasing size of the 5'-substituent led to a 10-fold increase
in Aj/A,, selectivity. On the other hand, within the 2-(1-
hexynyl) and 2-(N'-3-methylbutylidenehydrazino) series,
the larger 5'-substituents increased adenosine A, selectivity,
with a 9- and 10-fold decrease of A,/A, , selectivity, respec-
tively. This is in line with previously reported data on
N¢,5'-disubstituted adenosine derivatives.® There too, the
introduction of 5'-alkylthio substituents at adenosine deriva-
tives increased the selectivity for the adenosine A; receptor
compared to the A, , receptor. Steric effects appear not to be
the explanation for the decrease in adenosine A, , receptor
affinity, since the size of, in particular, the 5'-ethylthio group
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fairly matches that of a 5'-N-ethylcarboxamido substituent,
as in NECA and CGS21680. While MECA is known to have
a higher affinity for the adenosine A, receptor than NECA,**
the results presented herein suggest that the adenosine A,
receptor is better able to accommodate larger 5'-alkylthio
groups than the A, , receptor. In literature, modifications
other than S'alkylthio and 5'-N-alkylcarboxamido have been
investigated for their affinities for the adenosine A, , or A,
receptor. Mogensen et al. have shown that the relatively
large 3-isoxazolyl substituent at the 5'-position of adenosine
derivatives indeed decreases adenosine A, , receptor affinity
compared to its 5'-N-methylcarboxamido derivative.*® On
the contrary, for poly-substituted adenosine derivatives with
a S-isoxazolyl substituent, it has been claimed that these
compounds have a very high adenosine A, , receptor affinity
and that they are selective compared to A;.>*

Table 3 shows the effects of the synthesized compounds
in cAMP assays. The substituents are as shown in general
formula (I) with R® representing a hydrogen.

TABLE 3

30

S'-substituted 2-(N'-3-methylbutylidenehydrazino) deriva-
tives showed a similar trend in cAMP production, although
with higher efficacies. The efficacies of compounds 46 and
47 were similar to that of the full agonist CGS21680 and
thus 46 and 47 behaved as full agonists for this receptor.
Overall, most of the C2,5'-disubstituted adenosine deriva-
tives behaved as partial agonists for the adenosine A,,
receptor in this assay. The compounds with either a 5'-eth-
ylthio or a 5'-1-propylthio substituent (37, 40, 45 and 48)
had the lowest efficacies. The EC,, values for the adenosine
A, , receptor were up to 54-fold higher than the K, values.
The rank orders of potency and affinity were identical,
however. It must be noted that the EC;, values were deter-
mined for the human adenosine A, , receptor expressed in
CHO cells, whereas the K, values were determined on rat
striatum.>?

The ability of the compounds to inhibit forskolin-stimu-
lated (10 uM) cAMP production via the adenosine A,
receptor was also studied. All compounds were tested at a

cAMP assay

Epnax (%) ECs5o (OM)
No R'w R2 Asn? CHO cells Ayp  E,... (%) As®
CGS21680 100 — —
NECA 102 £ 23 0.04 = 0.004 —
Cl—IB-MECA — — 83 = 2 (10)
1 OH I 112 =7 5.4x07 68 = 7 (30)
33 SCH; I n.a.° — 41 = 17 (30)
34 SC,Hs I n.a.° — 14 = 10 (30)
35 S-n-CH, 1 n.a.° — 10 = 6 (30)
36 S-i-CzH, 1 n.a.° — 17 = 13 (30)
4 OH C=C(CH,);CH; 105 = 4 0.010 = 0.0003 79 = 8 (3)
37 SCH4 C=C(CH,);CH; 456 0.7 0.1 729 (3)
38 SC,Hs C=C(CH,),CH, 79 = 10 05002 50=21(3)
39 S-n-C3H; C=C(CH,);CH, 82+ 7 0.8 = 0.1 33 = 29 (10)
40 S-i-C3H, C=C(CH,);CH, 32+4 3.6+ 15 49 x22(10)
3 OH NHN=CHCH,CH(CH;), 92 2 11202  24x17(3)
45 SCH,4 NHN=CHCH,CH(CH;), 44 + 4 5006 41 =16 (30)
46 SC,H; NHN=CHCH,CH(CH;), 101 = 4 7.5 03 7 + 37 (100)
47 S-n-C3H, NHN=CHCH,CH(CH3), 126 =3 12.9 = 0.9 16 = 14 (100)
48 S-i-C;H, NHN=CHCH,CH(CH,), 56+ 1 104 1.0 26 =8(30)

%E max compared to the E_ .. of CGS 21680 (+SEM, n = 3; 10 uM) in A,, CHO cells;
“Percentage of inhibition of forskolin-induced (10 pM) cAMP production, compared to
Cl—IB-MECA. In parentheses the concentration at which the effect was determined (UM,

approx. 100 x K; value);

‘not active (no cAMP produced at 30 pM (35) or 100 uM; approx. 100 x K; value)

All compounds were first tested at concentrations of
1-100 uM (25 to 166 times the K, value), for determination
of the amount of cAMP produced via the adenosine A,
receptor. For compounds 1, 4, 3740, 3 and 4548 full
dose-response curves were recorded next. The E,, . values
were determined from the fitted curves and compared to the
maximal amount of cAMP (E,,,,,.) produced by the reference
full agonist, CGS21680 (10 uM).

Surprisingly, the 5'-substituted 2-iodo derivatives 33-36
did not produce any cAMP. This suggested either that they
behaved as antagonists in this assay, or that they were
substrates for adenosine deaminase (ADA) present in the
assay. The latter explanation is however unlikely, since these
compounds did not seem to be substrates for ADA in the
cAMP assay for the adenosine A; receptor, in which ADA
was present as well. All adenosine derivatives (1, 3 and 4)
produced similar amounts of cAMP as the full agonist CGS
21680, suggesting that they behaved as full agonists. The
S'-substituted derivatives within the 2-(1-hexyn-1-yl) series
were partial agonists compared to 4 and CGS 21680. The

50

55

60

65

single (final) concentration of 3—100 uM (73 to 200 times the
K, value). The 2-iodo substituted derivatives (1, 33-36)
inhibited the forskolin-induced cAMP production via the
adenosine A, receptor, proof of the agonistic character of the
compounds that were silent on the adenosine A, , receptor.
Compounds 1 and 4, with an intact 5'-hydroxyl group,
showed almost full inhibition of the cAMP production
comparable with the reference full agonist C1-IB-MECA.
Compound 3 only gave 24% inhibition of the cAMP pro-
duction, indicating that it behaved as a partial agonist for the
adenosine A; receptor. The 5'-substituted derivatives all
showed submaximal levels of inhibition of the forskolin-
induced cAMP production, with the same trend within the
three 2-substituted series (Table 3). This indicates that the
di-substituted adenosine derivatives were all partial agonists
for the adenosine A, receptor in this assay. The compounds
with the 5'-methylthio substituent (33, 37, 45) had the
highest intrinsic efficacies, whereas the compounds with a
relatively large 5'-substituent (n-propylthio, 35 and 39) had
the lowest intrinsic activities for the adenosine A; receptor.
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Example 2

Synthesis of N°,C2, 5'-Substituted Adenosine
Derivatives Chemistry-General

Chemicals and solvents Guanosine was obtained from
Aldrich (Aldrich Chemie, Sigma-Aldrich Chemie BY,
Zwijndrecht, The Netherlands). All other reagents were from
standard commercial sources and of analytic grade. [°H]
DPCPX  (1,3-dipropyl-8-cyclopentylxanthine), [*H]ZM
241385 and ['**IJAB-MECA were purchased from NEN
(Hoofddorp, The Netherlands).

Chromatography Thin-layer chromatography (TLC) was
carried out using aluminium sheets (20x20 cm) with silica
gel F254 from Merck. Spots were visualised under UV (254
nm). Preparative column chromatography was performed on
silica gel (230-400 mesh ASTM).

Instruments and Analyses Elemental analyses were per-
formed for C, H, N (Department of Analytical Chemistry,
Leiden University, The Netherlands). '*C NMR spectra
were measured at 50.1 MHz with a JEOL INM-FX 200
spectrometer equipped with a PG 200 computer operating in
the Fourier-transform mode. '"H NMR spectra were mea-
sured at 200 MHz, using the above mentioned spectrometer,
or at 300 MHz, using a Bruker WM-300 spectrometer
equipped with an ASPECT-2000 computer operating in the
Fourier-transform mode. Chemical shifts for 'H and '>C
NMR are given in ppm (X) relative to tetramethylsilane
(TMS) as internal standard.

All high resolution mass spectra were measured on a
Finnigan MAT900 mass spectrometer equipped with a direct
insertion probe for EI experiments (70 eV with resolution
1000) or on a Finnigan MAT TSQ-70 spectrometer equipped
with an electrospray interface for ESI experiments. Spectra
were collected by constant infusion of the analyte dissolved
in 80/20 methanol/H,O. ESI is a soft ionization technique
resulting in protonated, sodiated species in positive ioniza-
tion mode and deprotonated species in the negative ioniza-
tion mode.

Melting points were determined in a B[chi capillary
melting point apparatus.

Synthesis Procedures

Syntheses methyl 2,3-O-isopropylidene-f-D-ribofurano-
side (compound 50). A suspension of 88 g (0.59 mol) of dry
D-ribose in acetone (400 ml), dimethoxypropane (176 ml)
and MeOH (380 ml) was stirred, cooled in an ice-bath. Over
a period of 4 hr, each 30 minutes HCI gas was led through
the solution, and then the mixture was stirred overnight at
room temperature. The mixture was neutralized with pyri-
dine and concentrated in vacuum. The residue was extracted
with H,O and ether. The organic layers were combined,
dried (MgSO,) and concentrated. Yield 115 g (0.56 mol,
95%); R, 0.38 (PE40/60:EtOAc 1:1). '"H NMR (CDCl,) 8
4.97 (s, 1H, H-1), 4.82-4.57 (2xd, 2H, J=6.18 Hz, H-2,3),
4.42-439 (m, 1H, H-4), 3.71-3.62 (m, 2H, H-5), 3.41 (s,
3H, OCH,), 1.48, 1.31 (2xs 6H, 2xCCH,) ppm *C NMR
(CDCl,) d 112.02 (C(CH,),), 109.8 (C-1), 88.13, 85.64,
81.38 (C-2,3,4), 63.80 (C-5), 55.24 (OCH,), 26.24, 24.61
(2xCH;) ppm

General procedure for the alkylation of compound 50 into
the methyl 5-O-alkyl-2,3-O-isopropylidene-p3-D-ribofura-
noside derivatives 51-53. Methyl 2,3-O-isopropylidene-f3-
D-ribofuranoside (50, 53.0 g, 0.26 mol) was dissolved in dry
dimethylformamide (DMF, 300 ml). This was cooled (0° C.)
and NaH (60% in mineral oil, 11.5 g, 0.29 mol) was slowly
added. The mixture was allowed to warm to room tempera-
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ture, cooled again, and the appropriate alkylhalide (0.31
mol) was added very slowly. The mixture was stirred at
room temperature overnight. The mixture was treated with
MeOH (100 ml) and concentrated in vacuo. It was coevapo-
rated with toluene (2x). The (black) mixture was extracted
with water and EtOAc (250 ml each). The water-layer was
subsequently extracted with CH,Cl,. The organic layers
were combined, dried (MgSO,) and concentrated. The resi-
due was purified by column chromatography.

Methyl 5-O-methyl-2,3-O-isopropylidene-f-D-ribofura-
noside (compound 51). The reaction was carried out with 50
(53.0 g, 0.26 mol) and methane-iodine (CH,I, 0.31 mol, 19.4
ml). The mixture was purified by column chromatography
(eluens gradient PE40/60, PE40/60:EtOAc 2:1). Yield 55.1
g (0.25 mol, 97%) R,0.56 (PE40/60:EtOAc 1:1). *C NMR
(CDCl,) d 111.71 (C(CH,),), 108.79 (C-1), 84.76, 84.47,
81.70 (C-2,3,4), 73.18 (C-5), 5838 (OCH,), 54.03
(CH,OCH,), 25.98, 24.49 (2xC(CH,),) ppm.

Methyl 5-O-ethyl-2,3-O-isopropylidene-B-D-ribofurano-
side (compound 52). The reaction was carried out with 50
(33.4 g, 0.16 mol) and iodoethane (0.20 mol, 15.9 ml). The
mixture was purified by column chromatography (eluens
gradient PE40/60, PE40/60:EtOAc 1:1). Yield 35.2 g (0.15
mol, 92%); R, 0.62 (PE40/60:EtOAc 1:1). *C NMR
(CDCl,) & 111.41 (C(CH,),), 108.55 (C-1), 84.50, 81.55
(C-2,3,4), 70.78 (CH,CH,), 6591 (C-5), 53.85 (OCH,),
25.77, 24.31 (C(CH,),), 14.48 (CH,CH,) ppm.

Methyl 5-O-cyclopropyl-2,3-O-isopropylidene-3-D-ribo-
furanoside (compound 53). The reaction was carried out
with 50 (43.6 g, 0.21 mol) and cyclopropylbromide (0.26
mol, 20.6 ml). Prior to treatment with MeOH, the mixture
was stirred at room temperature. The mixture was purified
by column chromatography (eluens gradient PE40/60,
PE40/60:EtOAc 1:1). Yield 19.5 g (79.8 mmol, 38%); R,
0.70 (PE40/60:BtOAc 1:1). 1*C NMR (CDCl;) § 111.94
(C(CH,),), 108.90 (C-1), 84.88, 84.65, 81.85 (C-2,3,4),
71.19 (C-5), 54.38 (OCH), 53.21 (OCH,), 26.15, 24.72
(C(CH,3),), 5.37 (CH,CH,) ppm.

General procedure for the deprotection of compounds
51-53 into the 5-O-alkyl-p-D-ribofuranose derivatives
54-56. The appropriate methyl 5-O-alkyl-2,3-O-isopropy-
lidene-B-D-ribofuranose (4.48 mmol) was dissolved in 15
ml HCI (0.04 M) and was refluxed for 2 h. The solution was
neutralized with BaCO,;, filtered and concentrated. The
mixture was purified by column chromatography.

5-O-Methyl-a,p-D-ribofuranose (compound 54). The
reaction was carried out with methyl 5-O-methyl-2,3-O-
isopropylidene-[1-D-ribofuranoside (51, 1 g, 4.58 mmol).
The mixture was purified by column chromatography (elu-
ens 10% MeOH in EtOAc). Yield 0.44 g (2.68 mmol, 59%);
R,0.34 (10% MeOH in EtOAc).

13C NMR (MeOD) § 103.12 (C-1,0), 97.78 (C-1,00),

83.94, 82.36, 77.37, 76.88, 72.61, 72.12 (C-2,3.,4, LO),

73.93 (C-5), 59.51, 59.39 (OCH,;, JO) ppm.
5-O-Ethyl-00,0-D-ribofuranose  (compound 55). The
reaction was carried out with methyl 5-O-ethyl-2,3-O-iso-
propylidene-[1-D-ribofuranoside (52, 1.0 g, 4.85 mmol).
The mixture was purified by column chromatography (10%
MeOH in EtOAc). Yield 0.56 g (3.14 mmol, 65%); R,0.40
(10% MeOH in BtOAc). '*C NMR (MeOD) § 102.88 (C-1,
), 97.51 (C-1,00), 84.09, 82.42, 76.60, 72.53, 72.03 (C-2,

3.4, 0J0O), 73.40 (C-5), 67.83 (CH,CH,), 15.34 (CH,) ppm.

5-O-Cyclopropyl-1, [I-D-ribofuranose (compound 56).
The reaction was carried out with methyl 5-O-cyclopropyl-
2,3-O-isopropylidene-[1-D-ribofuranoside (53, 4.4 g, 18
mmol). The mixture was purified by column chromatogra-
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phy (10% MeOH in EtOAc). Yield 2.09 g (11 mmol, 61%);
R,0.43 (10% MeOH in EtOAc).

13C NMR (MeOD) § 101.60 (C-1, 0), 96.41 (C-1,00),

80.77, 79.42, 74.40, 73.53, 72.03 (C-2,3.,4, OO), 69.40
(C-5), 56.97 (CH) 7.83 (CH,CH,) ppm.

General procedure for the acylation of compounds 54-56
into the 1,2,3-tri-O-acetyl-5-O-alkyl-[J, [O-D-ribofuranose
derivatives 57-59 The appropriate 5-O-alkyl-[J,(0-D-ribo-
furanose (2.68 mmol) was dissolved in 25 ml pyridine. A
catalytic amount of dimethylaminopyridine (DMAP) and
acetic anhydride (8.84 mmol, 843 1) were added. The
mixture was stirred for 2 h at room temperature, was
concentrated in vacuo and coevaporated with toluene. The
oil was extracted with water and EtOAc (25 ml each). The
organic layer was dried (MgSO,) and concentrated and
purified by column chromatography.

1,2,3-Tri-O-Acetyl-5-O-methyl-1, O-D-ribofuranose
(compound 57). The reaction was carried out with 5-O-
methyl-1,00-D-ribofuranose (54, 0.44 g, 2.68 mmol). The
mixture was purified by column chromatography (eluens
10% MeOH in EtOAc). Yield 0.70 g (2.41 mmol, 90%); R,
0.76 (10% MeOH in EtOAc). *C NMR (CDCl,) 8 168.98,

168.68, 168.39 (3xC=0, [00), 97.64 (C-1, 01), 93.64 (C-1,

0), 82.81, 80.30, 73.99, 73.67, 70.20, 69.67 (C-2,3,4, LIO),
71.75 (C-5), 58.67 (OCHj,), 20.26, 19.70 (3xCOCH,) ppm.

1,2,3-Tri-O-Acetyl-5-O-ethyl-01, O-D-ribofuranose
(compound 58). The reaction was carried out with 5-O-
ethyl-[1,00-D-ribofuranose (7, 0.56 g, 3.14 mmol). The
mixture was purified by column chromatography (eluens
10% MeOH in EtOAc). Yield 0.85 g (2.79 mmol, 89%); R,
0.75 (10% MeOH in EtOAc); 1*C NMR (CDCl,) § 168.68,
168.42, 168.02 (3xC=0), 97.43 (C-1, O), 93.40 (C-1, O1),

82.69, 80.24, 73.50, 70.08, 69.53 (C-2.3.4, J), 69.38,

68.94 (C-5, 0OO), 66.05 (CH,CH;), 19.96, 19.41
(3xCOCH,), 14.18 (CH,CH,) ppm.
1,2,3-Tri-O-Acetyl-5-O-cyclopropyl-C1,  [O-D-ribofura-
nose (compound 59). The reaction was carried out with
5-O-cyclopropyl-1,1-D-ribofuranose (56, 3.42 g, 18.0
mmol). The mixture was purified by column chromatogra-
phy (eluens 10% MeOH in EtOAc). Yield 4.74 g (15.0
mmol, 83%); R, 0.72 (10% MeOH in EtOAc); '*C NMR
(CDCl,) § 169.27, 168.98, 168.74 (3xC=0), 97.81 (C-1,
), 93.78 (C-1, ), 82.84, 80.36, 73.91, 70.43, 69.88

(C-2,3,4, LO), 69.79, 69.38 (C-5, O), 53.50 (CH), 20.55,
20.02 (3xCOCHj,), 5.22 (CH,CH,) ppm.

General procedure for the coupling of compounds 57-59
to 6-chloropurine or 2,6-dichloropurine to give compounds
60-65

Silylation of the base The appropriate base (193.8 mg,
1.27 mmol) was treated with 1,1,1,3,3,3-hexamethyldisila-
zane (HMDS, 5 ml, 23.7 mmol) and 12.5 [l chlorotrimeth-
ylsilane (TMSCI, 0.1 mmol) at 130 pC for 20 hr. The
silylated compound was concentrated and used without
further purification.

Vorbrggen coupling To the appropriate silylated base
(12.9 mmol) was added the appropriate ribose (10.3 mmol)
in 15 ml dry 1,2-dichloroethane. The residue was co-evapo-
rated twice with dry 1,2-dichloroethane and subsequently
dissolved in 75 ml dry 1,2-dichloroethane. The solution was
gently refluxed and after 5 minutes trimethylsilyl-trifluo-
romethane sulfonate (TMS triflate) (997 (1, 5.16 mmol) was
added. The mixture was refluxed for 2 hr, cooled to room
temperature and diluted with CH,Cl,. It was extracted with
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5% NaHCO; and water. The organic layer was dried
(MgSO,), concentrated and purified by column chromatog-
raphy.
6-Chloro-9-(2,3-di-O-acetyl-5-O-methyl-[J-D-ribofura-
nosyl)-purine (compound 60). The reaction was carried out
with silylated 6-chloropurine (12.9 mmol) and 1,2,3-tri-O-
acetyl-5-O-methyl-[1, O-D-ribofuranose (57, 3.0 g, 10.3
mmol). The mixture was purified by column chromatogra-
phy (eluens 3% acetone in CH,Cl,). Yield 1.9 g (4.94 mmol,
48%); R0.11 (3% acetone in CH,Cl,). 'HNMR (CDCl,) &
8.75 (s, 1H, H-8), 8.56 (s, 1H, H-2), 6.41 (d, 1H, J=6.18 Hz,
H-1", 5.80 (t, 1H, J=5.49 Hz, H-2"), 5.60-5.56 (m, 1H, H-3"),
439 (q, 1H, J=2.41 Hz, H-4"), 3.69 (dq, 2H, J=7.21 Hz,
J=2.40 Hz, H-5"), 3.48 (s, 3H, OCH,), 2.16, 2.03 (2xs, 6H,
2xCOCH,;) ppm.
2,6-Dichloro-9-(2,3-di-O-acetyl-5-O-methyl-[J-D-ribo-
furanosyl)-purine (compound 61). The reaction was carried
out with silylated 2,6-dichloropurine (10.3 mmol) and 1,2,
3-tri-O-acetyl-5-O-methyl-00, O-D-ribofuranose (57, 2.39
g, 8.24 mmol). The mixture was purified by column chro-
matography (eluens gradient 4%-6% acetone in CH,Cl,).
Yield 2.91 g (6.94 mmol, 84%); 'H NMR (CDCl,) § 8.41 (s,
1H, H-8), 6.18 (d, 1H, J=6.52 Hz, H-1"), 5.60 (dd, 1H,
J=6.18 Hz, J=5.49 Hz, H-2", 5.39 (dd, 1H, J=5.15 Hz,
J=2.06 Hz, H-3"), 4.25-4.23 (m, 1H, H-4"), 3.58-3.48 (m,
2H, H-5"), 3.33 (s, 3H, OCH,), 2.00, 1.88 (2xs, 6H,
2xCOCH,;) ppm.
6-Chloro-9-(2,3-di-O-acetyl-5-O-ethyl-[J-D-ribofurano-
syl)-purine (compound 62). The reaction was carried out
with silylated 6-chloropurine (11.6 mmol) and 1,2,3-tri-O-
acetyl-5-O-ethyl-O00-D-ribofuranose (58, 2.82 g, 9.28
mmol). The mixture was purified by column chromatogra-
phy (eluens gradient 4-6% acetone in CH,Cl,). Yield 3.03
g (7.60 mmol, 82%); R,0.17 (3% acetone in CH,Cl,); 'H
NMR (CDCl,) & 8.51 (s, 1H, H-8), 8.45 (s, 1H, H-2), 6.20
(d, 1H, J=6.18 Hz, H-1"), 5.64 (t, 1H, J=5.15 Hz, H-2",
5.40-5.36 (m, 1H, H-3"), 4.24-4.18 (m, 1H, H-4"), 3.53 (dq,
2H, J=13.73 Hz, J=2.06 Hz, H-5"), 3.42 (q, 2H, ]=6.86 Hz,
CH,CH,), 1.94, 1.81 (2xs, 6H, 2xCOCH,), 1.07 (t, 3H,
J=6.86 Hz, CH,CHy,); *C NMR (CDCl,) 8 169.33, 168.89
(2xC=0), 151.70, 151.32, 150.56, 143.26, 131.41 (C-2,4,
5,6,8), 85.46, 82.78, 74.08, 74.86 (C-1',2',3",4"), 69.35, 66.90
(OCH2, C-5"), 20.28, 19.19 (2xCOCH,), 14.71 (CH;) ppm.
2,6-Dichloro-9-(2,3-di-O-acetyl-5-O-ethyl-[J-D-ribo-
furanosyl)-purine (compound 63). The reaction was carried
out with silylated 2,6-dichloropurine (10.3 mmol) and 1,2,
3-tri-O-acetyl-5-O-ethyl-1, (O-D-ribofuranose (58, 2.51 g,
8.24 mmol). The mixture was purified by column chroma-
tography (eluens gradient 4%—6% acetone in CH,Cl,). Yield
2.93 g (6.76 mmol, 82%); "H NMR (CDCl,) & 8.66 (s, 1H,
H-8),6.39 (d, 1H, J=6.53 Hz, H-1"), 5.81 (dd, 1H, ]=6.86 Hz,
J=5.49 Hz, H-2"), 5.58 (dd, 1H, J=7.21 Hz, ]=2.06 Hz, H-3"),
4.43-4.41 (m, 1H, H-4"), 3.75 (dq, 2H, J=10.64 Hz, J=2.41
Hz, H-5"), 3.64 (t, 2H, ]=6.87 Hz, CH,CH,), 2.19, 2.06 (2xs,
6H, 2xCOCH,), 1.32 (t, 3H, J=6.86 Hz, CH,CH,) ppm.
6-Chloro-9-(2,3-di-O-acetyl-5-O-cyclopropyl-[J-D-ribo-
furanosyl)-purine (compound 64). The reaction was carried
out with silylated 6-chloropurine (9.79 mmol) and 1,2,3-tri-
O-acetyl-5-O-cyclopropyl-J, O-D-ribofuranose (59, 2.48
g, 7.83 mmol). The mixture was purified by column chro-
matography (eluens gradient 4%-6% acetone in CH,Cl,).
Yield 2.09 g (5.10 mmol, 65%); "H NMR (CDCl,) 8 8.76 (s,
1H, H-8), 8.59 (s, 1H, H-2), 6.42 (d, 1H, J=6.18 Hz, H-1",
5.83-5.77 (m, 1H, H-2"), 5.57-5.53 (m, 1H, H-3"), 4.45-4.42
(m, 1H, H-4"), 3.87-3.77 (m, 2H, H-5"), 3.45-3.42 (m, 1H,
CH), 2.19, 2.06 (2xs, 6H, 2xCOCHs,), 0.67-0.55 (m, 4H,
CH,CH,) ppm.
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2,6-Dichloro-9-(2,3-di-O-acetyl-5-O-cyclopropyl-[1-D-
ribofuranosyl)-purine (compound 65). The reaction was
carried out with silylated 2,6-dichloropurine (8.95 ummol)
and 1,2,3-tri-O-acetyl-5-O-cyclopropyl-0d, [-D-ribofura-
nose (59, 2.26 g, 7.16 mmol). The mixture was purified by
column chromatography (eluens gradient 4%—6% acetone in
CH,Cl,). Yield 2.55 g (5.73 mmol, 80%); 'H NMR (CDCl,)
8832 (s, 1H, H-8), 6.10 (d, 1H, J=6.18 Hz, H-1"), 5.52-5.46
(m, 1H, H-2"), 5.28-5.25 (m, 1H, H-3"), 4.20-4.17 (m, 1H,
H-4", 3.60 (q, 2H, J=7.56 Hz, H-5", 3.24-3.19 (m, 1H,
OCH), 1.91, 1.82 (2xs, 6H 2xCOCH,), 0.43-0.32 (m, 4H,

CH,CH,) ppm.

General Procedure for the Amination of Compounds 60—65
into the Substituted Adenosine Derivatives 66-83

Method A (synthesis of compounds 66, 69, 72, 75, 78 and
81) The appropriate 6-chloro-9-(2,3-di-O-acetyl-5-O-alkyl-
O-D-ribofuranosyl)-purine or the appropriate 2,6-dichloro-
9-(2,3-di-O-acetyl-5-O-alkyl-[1-D-ribofuranosyl)-purine
(1.53 mmol) was dissolved in EtOH/NH; (30 ml) and the
mixture was stirred overnight at room temperature. The
mixture was concentrated and purified by column chroma-
tography.

Method B (synthesis of compounds 67, 68, 70, 71, 73, 74,
76,77, 79, 80, 82 and 84) The appropriate 6-chloro-9-(2,3-
di-O-acetyl-5-O-alkyl-O-D-ribofuranosyl)-purine  or the
appropriate  2,6-dichloro-9-(2,3-di-O-acetyl-5-O-alkyl-O-
D-ribofuranosyl)-purine (1.53 mmol) was dissolved in
EtOH absolute (10 ml). The appropriate amine (2.3 mmol)
and Et;N (1.91 mmol) were added and the mixture was
refluxed overnight. The mixture was concentrated and dis-
solved in EtOH/NH; (30 ml) and stirred overnight at room
temperature. The mixture was concentrated again and puri-
fied by column chromatography.

5'-O-methyladenosine (compound 66). Method A. The
reaction was carried out with 6-chloro-9-(2,3-di-O-acetyl-
5-O-methyl-J-D-ribofuranosyl)-purine (60, 682 mg, 1.77
mmol). The mixture was purified by column chromatogra-
phy (eluens 5% MeOH in CH,Cl,). Yield 393 mg (1.40
mmol, 79%), mp 112-114° C.; R, 0.43 (10% MeOH in
CH,Cl,); *"H NMR (DMSO-d,) 6 8. 28 (s, 1H, H-8), 8.14 (s,
1H, H-2), 7.26 (bs, 2H, NH,), 5.87 (d, 1H, J=5.49 Hz,
OH-2"), 5.25 (d, 1H, J=5.15 Hz, OH-3"), 4.57 (q, 1H, J=6.18
Hz, H-2"), 4.13 (q, 1H, J=4.47 Hz, H-3"), 3.99-3.98 (m, 1H,
H-4"),3.57-3.48 (m, 2H, H-5", 3.28 (s, 3H, OCH,) ppm; MS
m/z 282 (M+H)*; Anal. (C,,H,;N.0,.0.5H,0)C, H, N.

N°®-cyclopentyl-5'-O-methyladenosine (compound 67).
Method B. The reaction was carried out with 6-chloro-9-(2,
3-di-O-acetyl-5-O-methyl-[J-D-ribofuranosyl)-purine (60,
589 mg, 1.53 mmol) and cyclopentylamine (2.3 mmol, 227
O1). The mixture was purified by column chromatography
(eluens 5% MeOH in CH,Cl,). Yield 476 mg (1.36 mmol,

89%), mp 164-166° C.; R,0.51 (eluens 10% MeOH in
CH,CL,). The product was re-crystallized from CH,CN); ‘H
NMR (DMSO-d,) d 8.28 (s, 1H, H-8), 8.18 (s, 1H, H-2),
7.70 (d, 1H, =7.55 Hz, NH), 5.89 (d, 1H, J=4.80 Hz, H-1,
5.50 (d, 1H, J=5.15 Hz, OH-2"), 5.26 (d, 1H, J=5.15 Hz,
OH-3"), 4.56 (q, 1H, J=4.12 Hz, H-2"), 4.13 (q, 1H, J=4.46
Hz, H-3"),3.99 (q, 1H, J=4.12 Hz, H-4"), 3.57-3.42 (m, 2H,
H-5", 3.28 (s, 3H, OCH,), 2.01-1.83 (m, 2H, cyclopentyl),
1.73-1.52 (m, 4H, cyclopentyl); MS m/z 350 (M+H)*; Anal.
(C,sH»3N50,.0.7 CH;CN)C, H, N.

N°®-(3-iodobenzyl)-5'-O-methyladenosine (compound
68). Method B. The reaction was carried out with 6-chloro-
9-(2,3-di-O-acetyl-5-O-methyl-[1-D-ribofuranosyl)-purine
(60, 363 mg, 0.94 mmol) and 3-iodobenzylamine.HCI (1.41
mmol, 380 mg). The mixture was purified by column
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chromatography (eluens 5% MeOH in CH,Cl,). Yield 397
mg (0.80 mmol, 85%), mp 155-157° C.; R, 0.54 (eluens
10% MeOH in CH,CL,); *H NMR (DMSO-d) 8 8.40 (bs,
1H, NH), 8.33 (s, 1H, H-8), 8.21 (s, 1H, H-2), 7.70 (s, 1H,
CCHCQY), 7.57 (d, 1H, J=6.52 Hz, CCHCHCH), 7.34 (d, 1H,
J=5.15Hz, CCHCH), 7.08 (t, 1H, J=8.93 Hz, CCHCH), 5.89
(d, 1H, J=4.12 Hz, H-1"), 5.50-5.47 (m, 1H, OH-2",
5.27-525 (m, 1H, OH-3"), 4.68-4.56 (m, 3H, H-2',
NHCH,), 4.14-4.13 (m, 1H, H-3", 4.01-3.98 (m, 1H, H-4"),
3.57-3.53 (m, 2H, H-5"), 3.31 (s, 3H, OCH,); MS m/z 498
(M+H)"; Anal. (C,3H,,N;O,) C, H, N.
2-Chloro-5'-O-methyladenosine (compound 69). Method
A. The reaction was carried out with 2,6-dichloro-9-(2,3-
di-O-acetyl-5-O-methyl-[1-D-ribofuranosyl)-purine (61,
667 mg, 1.59 mmol). The mixture was purified by column
chromatography (eluens 5% MeOH in CH,Cl,). Yield 382
mg (1.21 mmol, 76%), mp 200-202° C.; R, 0.49 (10%
MeOH in CH,CL,); 'H NMR (DMSO- d6) d 8 30 (s, 1H,
H-8),7.83 (bs, 2H, NH,), 5.80 (d, 1H, J=5.15 Hz, H-1"), 5.53
(d, 1H, J=6.18 Hz, OH-2"), 5.29 (d, 1H, J=5.49 Hz, OH-3"),
4.52 (q, 1H, J=5.84 Hz, H-2"), 4.11-3.99 (m, 2H, H-3",4"),
3.55-3.46 (m, 2H, H-5"), 3.28 (s, 3H, OCH,); MS m/z 316
(M+H)"; Anal. (C,,H,,CIN;O,.1.0 CH,Cl,) C, H, N.
N°-Cyclopentyl-2-chloro-5'-O-methyladenosine  (com-
pound 70). Method B. The reaction was carried out with
2,6-dichloro-9-(2,3-di-O-acetyl-5-O-methyl-[1-D-ribofura-
nosyl)-purine (61, 505 mg, 1.2 mmol) and cyclopentylamine
(1.8 mmol, 178 OL). The mixture was purified by column
chromatography (eluens 2% MeOH in CH,Cl,). Yield 364
mg (0.95 mmol, 79%), mp 124-126° C.; R, 0 15 (eluens 2%
MeOH in CH,CL,); 'H NMR (DMSO- d6) d 8.33 (bs, 1H,
NH), 8.30 (s, 1H, H-8), 5.81 (d, 1H, J=4.46 Hz, H-1"), 5.51
(d, 1H, J=3.36 Hz, OH-2"), 5.29 (d, 1H, J=3.32 Hz, OH-3"),
4.59-4.29 (m, 2H, CH, H-2", 4.41-3.99 (m, 2H, H-3"4"),
3.56-3.52 (m, 2H, H-5"), 1.94-1.92 (m, 2H, cyclopentyl),
1.71-1.50 (m, 4H, cyclopentyl); MS nv/z 384 (M+H)"; Anal.
(C,¢H,,CIN,O, 0.1 CH,Cl,) C, H, N.
N°®-(3-iodobenzyl)-2-Chloro-5'-O-methyladenosine
(compound 71). Method B. The reaction was carried out
with  2,6-dichloro-9-(2,3-di-O-acetyl-5-O-methyl-[J-D-ri-
bofuranosyl)-purine (61, 372 mg, 0.89 mmol) and 3-iodo-
benzylamine. HCl (1.34 mmol, 360 mg). The mixture was
purified by column chromatography (eluens 2% MeOH in
CH,Cl,). Yield 383 mg (0.72 mmol, 81%), mp 84-86° C.;
R,0.59 (10% MeOH in CH,Cl,). The product was recrys-
talhsed from CH;COCHj; 1H NMR (DMSO-dy) 8 8.89 (bs,
1H, NH), 8.35 (s, 1H, H-8), 7.73 (s, 1H, CCHCI), 7.60 (d,
1H, J=5.83 Hz, CCHCHCH), 7.33 (d, 1H, J=6.12 Hz,
CCHCH), 7.12 (t, 1H, J=7.55 Hz, CCHCH), 5.82 (d, 1H,
J=5.15 Hz, H-1"), 5.54 (d, 1H, J=5.84 Hz, OH-2"), 5.30 (d,
1H, J=5.49 Hz, OH-3"), 4.61-4.51 (m, 3H, NHCH,, H-2),
4.09-4.00 (m, 2H, H-3'4"), 3.56-3.52 (m, 2H, H-5"), 3.28 (s,
3H, OCH;); MS m/z 532 M+H)* Anal
(C,sH,,CIIN;0,.0.3 CH;COCH,) C, H, N.
5'-O-Ethyladenosine (compound 72). Method A. The
reaction was carried out with 6-chloro-9-(2,3-di-O-acetyl-
5-O-ethyl-J-D-ribofuranosyl)-purine (62, 663 mg, 1.70
mmol). The mixture was purified by column chromatogra-
phy (eluens 5% MeOH in CH,Cl,). Yield 407 mg (1.38
mmol, 81%), mp 110-112° C.; R, 0.48 (10% MeOH in
CH,CL,); "H NMR (DMSO-dy) 6 8. 32 (s, 1H, H-8), 8.14 (s,
1H, H-2), 7.27 (bs, 2H, NH,), 5.89 (d, 1H, J=4.80 Hz, H-1",
5.49 (d, 1H, J=5.84 Hz, OH-2"), 5.24 (d, 1H, J=5.15 Hz,
OH-3"), 4.54 (q, 1H, J=5.14 Hz, H-2"), 4.15 (q, 1H, J=4.81
Hz, H-3"), 4.00 (q, 1H, J=4.46 Hz, H-4"), 3.58 (dq, 2H,
J=9.27 Hz, J=3.78 Hz, H-5"), 3.47 q, 2H, J=7.21 Hz, CH,),
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1.12 (t, 3H, J=7.20 Hz, CH,); MS m/z 296 (M+H)"; Anal.
(C,,H,,N,0,.0.2 CH,Cl,) C, H, N.
NS-cyclopentyl-5'-O-ethyladenosine  (compound ~ 73).
Method B. The reaction was carried out with 6-chloro-9-(2,
3-di-O-acetyl-5-O-ethyl-[J-D-ribofuranosyl)-purine (62,
502 mg, 1.26 mmol) and cyclopentylamine (1.89 mmol, 187
OL). The mixture was purified by column chromatography
(eluens 5% MeOH in CH,Cl,). Yield 316 mg (0.87 mmol,
69%), mp 134-136° C.; R 0.49 (eluens 10% MeOH in
CH,Cl,). The product was re -crystallized from CH,CN; 'H
NMR (DMSO-d,) 6 8.31 (s, 1H, H-8), 8.19 (s, 1H, H-2),
7.72 (d, 1H, I=7.55 Hz, NH), 5.89 (d, 1H, J=5.15 Hz, H-1,
5.55-5.25 (m, 2H, OH-2',3"), 4.53 (1, 1H, J=4.81 Hz, H-2"),
4.15 (t, 1H, J=2.40 Hz, H-3"), 4.01-3.96 (m, 1H, H-4",
3.62-3.48 (m, 2H, H-5"), 3.46 (q, 2H, J=7.21 Hz, CH,CH,),
1.99-1.82 (m, 2H, cyclopentyl), 1.78-1.52 (m, 4H, cyclo-
pentyl), 1.11 (t, 3H, J=7.21 Hz, CH,); MS m/z 364 (M+H)";
Anal. (C,;H,5sN;0, 0.6 CH;CN) C, H, N.
N°®-(3-Iodobenzyl)-5'-O-Ethyladenosine (compound 74).
Method B. The reaction was carried out with 6-chloro-9-(2,
3-di-O-acetyl-5-O-ethyl-[J-D-ribofuranosyl)-purine (62,
367 mg, 0.92 mmol) and 3-iodobenzylamine.HC1 (1.38
mmol, 372 mg). The mixture was purified by column
chromatography (eluens 5% MeOH in CH,Cl,). Yield 339
mg (0.66 mmol, 72%), mp 164-166° C.; R, 0.40 (10%
MeOH in CH,Cl,). The product was re-crystallized from
CH,CN; '"H NMR (DMSO-dy) 8 8.45 (bs, 1H, NH), 8.37 (s,
1H, H-8), 8.21 (s, 1H, H-2), 7.71 (s, 1H, CCHCI), 7.57 (d,
1H, J=7.90 Hz, CCHCHCH), 7.34 (d, 1H, J=6.52 Hz,
CCHCH), 7.09 (t, 1H, J==6.87 Hz, CCHCH), 5.91 (d, 1H,
J=4.46 Hz, H-1"), 5.53 (d, 1H, J=5.49 Hz, OH-2", 5.27 (d,
1H, J=4.80 Hz, OH-3"), 4.67-4.64 (m, 2H, NHCH,), 4.56 (q,
1H, J=4.81 Hz, H-2"), 4.17 (q, 1H, J=4.81 Hz, H-3"), 4.00 (q,
1H, J=4.12 Hz, H-4"), 3.60 (dq, 2H, J=9.61 Hz, J=3.43 Hz,
H-5", 3.47 (q, 2H, J=6.52 Hz, OCH,CH,), 1.12 (t, 3H,
J=6.52 Hz, CH,); MS m/z 512 (M+H)*; Anal
(C,oH,,IN0,.0.3 CH,CN) C, H, N.
2-Chloro-5'-O-ethyladenosine (compound 75). Method A.
The reaction was carried out with 2,6-dichloro-9-(2,3-di-O-
acetyl-5-O-ethyl-1-D-ribofuranosyl)-purine (63, 656 mg,
1.51 mmol). The mixture was purified by column chroma-
tography (eluens 5% MeOH in CH,Cl,). Yield 388 mg (1.18
mmol, 78%), mp 117-119° C; R 0.50 (10% MeOH in
CH,CL,); "HNMR (DMSO-dy) 6 8. 34 (s, 1H, H-8), 7.83 (bs,
2H,NH,), 5.81 (d, 1H, J=5.49 Hz, H-1"), 5.53 (d, 1H, J=5.83
Hz, OH-2"), 5.28 (d, 1H, J=5.14 Hz, OH-3"), 4.49 (q, 1H,
J=4.81 Hz, H-2"), 4.13-4.01 (m, 1H, H-3"), 4.01-3.99 (m,
1H, H-4"), 3.62-3.42 (m, 2H, H-5"), 3.47 (q, 2H, J=6.87 Hz,
OCH,), 1.12 (t, 3H, J=6.87 Hz, CH;); MS m/z 330 (M+H)™;
Anal. (C,,H,CIN;0,.0.4 CH,Cl,) C, H, N.
NS-cyclopentyl-2-Chloro-5'-O-ethyladenosine (com-
pound 76). Method B. The reaction was carried out with
2,6-dichloro-9-(2,3-di-O-acetyl-5-O-ethyl-[J-D-ribofurano-
syl)-purine (63, 505 mg, 1.16 mmol) and cyclopentylamine
(1.74 mmol, 172 L). The mixture was purified by column
chromatography (eluens 5% MeOH in CH,Cl,). Yield 323
mg (0.81 mmol, 70%), mp 114-116° C.; R, 0.55 (10%
MeOH in CH,CL,); '"H NMR (DMSO-d ) d 8 34 (s, 1H,
H-8), 8.32 (bs, 1H, NH), 5.82 (d, 1H, J=5.15 Hz, H-1"), 5.53
(d, 1H, J=5.18 Hz, OH-2"), 5.29 (d, 1H, J=5.15 Hz, OH-3"),
4.47-4.37 (m, 2H, CH, H-2"), 4.11-4.10 (m, 1H, H-3"), 4.00
(9, 1H, J=4.47 Hz, H-4"), 3.62-3.58 (m, 2H, H-5"), 3.47 (q,
2H, J=7.21 Hz, CH,CH,), 2.00-1.83 (m, 2H, cyclopentyl),
1.71-1.51 (m, 4H, cyclopentyl), 1.12 (t, 3H, J=7.21 Hz,
CH,); MS nv/z 399 (M+H)*; Anal. (C,,H,,CIN;O,)C,H, N.
N°®-(3-iodobenzyl)-2-Chloro-5'-O-ethyladenosine  (com-
pound 77). Method B. The reaction was carried out with
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2,6-dichloro-9-(2,3-di-O-acetyl-5-O-ethyl-[J-D-ribofurano-
syD)-purine (63, 375 mg, 0.87 mmol) and 3-iodobenzy-
lamine.HCI (1.31 mmol, 352 mg). The mixture was purified
by column chromatography (eluens 5% MeOH in CH,Cl,).
Yield 366 mg (0.67 mmol, 77%), mp 80-82° C.; R, 0.53
(10% MeOH in CH,CL,); 1H NMR (DMSO-dy) § 8 97 (bs,
1H, NH),8.40 (s, 1H, H-8), 7.74 (s, 1H, CCHCI), 7.60 (d,
1H, J=6.87 Hz, CCHCHCH), 7.35 (d, 1H, J=8.24 Hz,
CCHCH), 7.12 (t, 1H, J=7.21 Hz, CCHCH), 5.84 (d, 1H,
J=4.46 Hz, H-1"), 5.56 (d, 1H, J=5.49 Hz, OH-2"), 5.30 (d,
1H, J=5.15 Hz, OH-3"), 4.60 (d, 2H, J=4.46 Hz, NHCH,),
4.51(d, 1H, J=5.15 Hz, H-2"), 4.14-4.11 (m, 1H, H-3"), 4.02
(9, 1H, J=3.43 Hz, H-4"), 3.63-3.58 (m, 2H, H-5"), 3.49 (q,
2H, J=6.52 Hz, CH,CH,,), 1.13 (t, 3H, J=6.52 Hz, CH,); MS
m/z 546 (M+H)*; Anal. (C,,H,,ClIIN;0,.0.8 HCON(CH,),)
C,H,N.

N°-Cyclopentyl-5'-O-Cyclopropyladenosine (compound
78). Method A. The reaction was carried out with 6-chloro-
9-(2,3-di-O-acetyl-5-O-cyclopropyl-[J-D-ribofuranosyl)-
purine (64, 334 mg, 0.81 mmol). The mixture was purified
by column chromatography (eluens 5% MeOH in CH,Cl,).
Yield 172 mg (0.56 mmol, 69%), mp 130-132° C.; R,0.49
(10% MeOH in CH,CL,); 'H NMR (DMSO-dy) 6 8. 27 (s,
1H, H-8), 8.14 (s, 1H, H-2), 7.28 (bs, 2H, NH,), 5.87 (d, 1H,
J=4.80 Hz, H-1"), 5.50 (d, 1H, J=5.84 Hz, OH-2"), 5.26 (d,
1H, J=5.49 Hz, OH-3"), 4.56 (q, 1H, J=4.81 Hz, H-2"), 4.10
(g, 1H, J=4.47 Hz, H-3"), 3.99 (q, 1H, J=3.78 Hz, H-4"),
3.67-3.59 (m, 2H, H-5"), 0.44-0.40 (m, 4H, OCH,CH,); MS
m/z 308 (M+H)*; Anal. (C,5H,,N0,.0.2 CH,Cl,) C, H, N.

N°®-Cyclopentyl-5'-O-cyclopropyladenosine  (compound
79). Method B. The reaction was carried out with 6-chloro-
9-(2,3-di-O-acetyl-5-O-cyclopropyl-[J-D-ribofuranosyl)-
purine (64, 273 mg, 0.66 mmol) and cyclopentylamine (1.00
mmol, 98 [Ol). The mixture was purified by column chro-
matography (eluens 5% MeOH in CH,Cl,). Yield 173 mg
(0.46 mmol, 70%), mp 126-128° C.; RfO 53 (10% MeOH 1n
CH,Cl,). The product was recrystalhzed from (C,H;),0;
NMR (MeOD) 6 8.17 (s, 1H, H-8), 8.13 (s, 1H, H-2), 5 94
(d, 1H, J=4.46 Hz, H-1"), 4.44 (t, 1H, J=4.80 Hz, H-2", 4.18
(t, 1H, J=5.15 Hz, H-3"), 4.11-4.06 (m, 1H, H-4"), 3.69 (q,
2H, J=9.95 Hz, H-5"), 3.24-3.19 (m, 1H, CH), 2.11-1.82 (m,
2H, cyclopentyl), 1.72-1.50 (m, 6H, cyclopentyl), 0.48-0.39

(m, 4H, CH,CH,); MS m/z 376 (M+H)*; Anal
(C5H,5N50,.0.5 (C,Hy),0)C, H, N.
N°®-(3-Iodobenzyl)-5'-O-cyclopropyladenosine (com-

pound 80). Method B. The reaction was carried out with
6-chloro-9-(2,3-di-O-acetyl-5-O-cyclopropyl-[J-D-ribo-
furanosyl)-purine (64, 196 mg, 0.48 mmol) and 3-iodoben-
zylamine. HC1 (0.72 mmol, 193 mg). The mixture was
purified by column chromatography (eluens 5% MeOH in
CH,Cl,). Yield 186 mg (0.36 mmol, 74%), mp 110-112° C.;
R, 0.49 (10% MeOH in CH,CL,); "H NMR (DMSO-dy) 8
8.43 (bs, 1H, NH), 8.31 (s, 1H, H-8), 8.21 (s, 1H, H-2), 7.71
(s, 1H, CCHCI), 7.57 (d, 1H, J=7.55 Hz, CCHCHCH), 7.34
(d, 1H, J=7.89 Hz, CCHCH), 7.09 (t, 1H, J=7.90 Hz,
CCHCH), 5.89 (d, 1H, J=5.15 Hz, H-1"), 5.49 (d, 1H, J=5.83
Hz, OH-2"), 5.27 (d, 1H, J=5.15 Hz, OH-3"), 4.68-4.55 (m,
2H, NHCH,), 4.57 (q, 1H, J=5.49 Hz, H-2"), 4.11 (q, 1H,
J=4.46 Hz, H-3"), 4.00 (q, 1H, J=4.11 Hz, H-4"), 3.67-3.62
(m, 2H, H-5"), 0.45-0.40 (m, 4H, CH,CH,); MS m/z 524
(M+H)™; Anal. (C,,H,,IN;0,.0.7 CH;OH)C, H, N.
2-Chloro-5'-O-cyclopropyladenosine  (compound  81).
Method A. The reaction was carried out with 2,6-dichloro-
9-(2,3-di-O-acetyl-5-O-cyclopropyl-[J-D-ribofuranosyl)-
purine (65, 649 mg, 1.46 mmol). The mixture was purified
by column chromatography (eluens 5% MeOH in CH,Cl,).
Yield 379 mg (1.11 mmol, 76%), mp 122-124° C.; R,0.32
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(10% MeOH in CH,Cl,); 'H NMR (DMSO-dy) 8 8.29 (s,
1H, H-8), 7.83 (bs, 2H, NH,), 5.79 (d, 1H, J=5.49 Hz, H-1"),
5.52 (d, 1H, J=6.18 Hz, OH-2"), 5.29 (d, 1H, J=5.29 Hz,
OH-3"), 4.51 (q, 1H, J=5.84 Hz, H-2"), 4.08-3.99 (m, 2H,
H-3'4", 3.68-3.63 (m, 2H, H-5"), 0.45-0.41 (m, 4H,
CH,CH,); MS m/z 342 (M+H)*; Anal. (C,;H,,C1IN;O,
0.8 HCON(CH,),) C, H, N.

NS-cyclopentyl-2-Chloro-5'-O-cyclopropyladenosine
(compound 82). Method B. The reaction was carried out
with  2,6-dichloro-9-(2,3-di-O-acetyl-5-O-cyclopropyl-J-
D-riboflranosyl)-purine (65, 543 mg, 1.22 mmol) and cyclo-
pentylamine (1.83 mmol, 180 [L). The mixture was puri-
fied by column chromatography (eluens 5% MeOH in
CH,Cl,). Yield 400 mg (0.98 mmol, 80%), mp 104-106° C.;
R, 0.51 (10% MeOH in CH,Cl,). The product was re-
crystallized from (C,H;),0; 'H NMR (DMSO-d) & 8.34
(bs, 1H, NH), 8.28 (s, 1H, H-8), 5.81 (d, 1H, J=5.15 Hz,
H-19, 5.53 (d, 1H, J=5.84 Hz, OH-2"), 5.29 (d, 1H, J=5.15
Hz, OH-3"), 4.50 (q, 1H, J=5.15 Hz, H-2"), 4.50-4.47 (m,
1H, CH), 4.09-3.99 (m, 2H, H-3'4", 3.68-3.63 (m, 2H,
H-5", 1.94-1.89 (m, 2H, cyclopentyl), 1.71-1.50 (m, 4H,
cyclopentyl), 0.46-0.41 (m, 4H, OCHCH,CH,); MS m/z
410 M+H)"; Anal. (C,3H,,CIN;0,.0.2 (C,H;),0) C, H, N.

N°®-(3-Todobenzyl)-2-chloro-5'-O-cyclopropyladenosine
(compound 83). Method B. The reaction was carried out
with  2,6-dichloro-9-(2,3-di-O-acetyl-5-O-cyclopropyl-J-
D-ribofuranosyl)-purine (65, 483 mg, 1.08 mmol) and 3-io-
dobenzylamine.HCI (1.63 mmol, 439 mg). The mixture was
purified by column chromatography (eluens 5% MeOH in
CH,Cl,). Yield 435 mg (0.78 mmol, 72%), mp 94-96° C.;
R, 0.49 (10% MeOH in CH,C1,); ‘H NMR (DMSO-dg) 8
8.93 (t, 1H, J=6.18 Hz, NH), 8.33 (s, 1H, H-8), 7.73 (s, 1H,
CCHCI), 7.59 (d, 1H, J=7.90 Hz, CCHCHCH), 7.34 (d, 1H,
J=7.55Hz, CCHCH), 7.11 (t, 1H, J=7.55 Hz, CCHCH), 5.82
(d, 1H, J=5.14 Hz, H-1"), 5.54 (d, 1H, J=5.84 Hz, OH-2"),
530 (d, 1H, J=5.15 Hz, OH-3"), 4.61-4.48 (m, 3H, H-2',
NHCH,), 4.09-3.98 (m, 2H, H-3'4", 3.68-3.58 (m, 2H,
H-5, 0.45-0.41 (m, 4H, cyclopropyl); MS m/z 559
(M+H)"; Anal. (C,,H,,CIIN;0,.0.5H,0) C, H, N.

Elemental analyses for compounds 66-83 is provided

herebelow:
TABLE 4

Elemental analysis

Atom
No Mol. Formula Calculated Determined
66 C; H;5NsO, -0.5H,0 C 45.51% C 45.46%
H 5.56% H 5.94%
N 24.13% N 24.37%
67 C¢Hy3N50, - 0.7 CH;CN C 55.27% C 55.08%
H 6.69% H 6.56%
N 21.11% N 21.23%
68 CgH,0INsO, C 43.48% C 43.82%
H 4.05% H 3.94%
N 14.08% N 13.74%
69 C,;H,CINsO, 1.0 CH,Cl, C 35.97% C 35.97%
H 4.03% H4.21%
N 17.48% N 17.65%
70 C,4H,,CIN;O, - 0.1 CH,CL, C 49.28% C 49.65%
H 5.70% H 5.52%
N 17.85% N 18.38%
71 CgH ,CIINsO, - 0.3 CH3;COCH; C 41.33% C 41.71%
H 3.82% H 3.45%
N 12.75% N 13.00%
72 C,H;NsO, - 0.2 CH,CL, C 46.92% C 46.56%
H 5.62% H 5.90%
N 22.43% N 22.09%
73 C7H,55Ns0, - 0.6 CH3;CN C 56.33% C 56.19%
H 6.96% H 6.89%
N 20.21% N 20.24%
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TABLE 4-continued

Elemental analysis

Atom
No Mol. Formula Calculated Determined
74 CgH,,IN5O, - 0.3 CH;CN C 44.95% C 45.37%
H 441% H 4.60%
N 14.18% N 13.94%
75 C,H (CIN;O, - 0.4 CH,CL, C 40.94% C 40.80%
H 4.66% H 5.03%
N 19.25% N 19.29%
76 C7H,,4CINsO, C 51.32% C 51.65%
H 6.08% H 5.72%
N 17.60% N 17.85%
77 CoH,CIINsO, - 0.8 HCON(CH;), C 42.53% C 42.89%
H 4.44% H 4.43%
N 13.44% N 13.04%
78 C3H;NsO, - 0.8 H,O C 48.56% C 48.66%
H 5.82% H 5.69%
N 21.78% N 21.53%
79 CgH,55N50, - 0.5 (C,Hs),0 C 58.23% C 58.50%
H 7.33% H 6.87%
N 16.98% N 17.05%
80 C,0H,,INsO, - 0.7 CH;0H C 45.55% C 45.65%
H 4.58% H 4.38%
N 12.83% N 12.70%
81 C3H,CINsO, - 0.8 HCON(CHj;), C 46.21% C 46.21%
H 5.44% H 5.36%
N 20.30% N 20.20%
82 C,;gH,,CINsO, - 0.2 (C,Hs),0 C 53.16% C 53.08%
H 6.17% H 6.52%
N 16.49% N 16.74%
83 C,0H,,CIIN;O, - 0.5 H,O C 42.38% C 42.46%
H 3.91% H4.11%
N 12.36% N 12.26%

Biology-General

Radioligand Binding Stulies Measurements with [*H]
DPCPX in the adsence of GTP were performed according to
a protocol published previously (rat A|).>* Adenosine A,
receptor (rat) affinities were determined according to Gao et
al** Adenosine A, receptor affinities were determined
essentially as described.**’ Briefly, assays were performed
in 50/10/1 buffer (50 mM Tris/10 mM MgCl,/1 mM ethyl-
enediaminetetra-acetic acid (EDTA) and 0.01% 3-([3-chola-
midopropyl]-dimethylammonio)-1-propanesulfonate
(CHAPS)) in glass tubes and contained 50 plL of a HEK 293
cell membrane suspension (10-30 pg), 25 ul [***I]AB
MECA (final concentration 0.15 nM), and 25 pl of ligand.
Incubations were carried out for 1 hr at 37° C. and were
terminated by rapid filtration over Whatman GF/B filters,
using a Brandell cell harvester (Brandell, Gaithersburg,
Md.). Tubes were washed three times with 3 ml of buffer.
Radioactivity was determined in a Beckman 5500B
y-counter. Nonspecific binding was determined in the pres-
ence of 107> M R-PIA.

cAMP assay A, and A; CHO cells expressing either the
human adenosine A, or A; receptor were grown overnight as
a mopolayer in 24 wells tissue culture plates (400 pl/well;
2x10 cells/well). cAMP generation was performed in Dul-
becco’s Modified Eagles Medium (DMEM)/N-2-hydroxy-
ethylpiperazin-N'-2-ethansulfonic acid (HEPES) buffer
(0.60 g HEPES/50 ml DMEM pH 7.4). To each well, washed
two times with DMEM/HEPES buffer (250 ul), 100 ul
adenosine deaminase (final concentration 5 IU/ml), 100 pl of
a mixture of rolipram and cilostamide (final concentration
each 50 uM) and 100 pl agonist (final concentration+100
times the K, value) were added. After incubation for 40
minutes at 37° C., 100 pl forskolin (final concentration 10
uM) was added. After 15 minutes at 37° C., the reaction was
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terminated by removing the medium and adding 200 uL 0.1
M HCI. Wells were stored at —20° C. until assay.

The amounts of cAMP were determined after a protocol
with cAMP binding protein®® with the following minor
modifications. As a buffer was used 150 mM K,HPO,/10
mM EDTA/0.2% Bovine Serum Albumine (BSA) at pH 7.5.
Samples (20 pl+30 pl 0.1 M HCI) were incubated for at least
2.5 hours at 0° C. before filtration over Whatman GF/B
filters. Filters were additionally rinsed with 2x2 ml Tris HCI
buffer (pH 7.4, 4° C.). Filters were counted in Packard
Emulsifier Safe scintillation fluid (3.5 ml) after 24 hours of
extraction.

Data Analysis Apparent K, and EC,, values were com-
puted from the displacement curves by nonlinear regression
of the competition curves with the software package Prism
(Graph Pad, San Diego, Calif.).

All compounds were tested in radioligand binding assays
to determine their affinities for the adenosine A, receptor in
rat brain cortex, the A, , receptor in rat striatum and the
human A receptor as expressed in HEK 293 cells (Table 5).
For the adenosine A, receptor, the tritiated antagonist, [*H]-
1,3-dipropyl-8-cyclopentylxanthine ([*H]DPCPX), and for
the adenosine A, , receptor, the tritiated antagonist [*H]ZM
241385 were used. ['*°IJAB-MECA, an A, receptor agonist,
was also used. Displacement experiments were performed in
the absence of GTP.

All compounds were also tested in functional assays.
First, the ability of the compounds (66—83) to inhibit the
forskolin (10 pM) induced cAMP production via human
adenosine adenosine A receptors expressed in CHO cells or
by human adenosine A; receptors expressed in HEK 293
cells was assessed. Second, the modulation of guanosine-
5'-O-(3-[**S]thio)triphosphate ([**S]GTPyS) binding to cell
membranes was determined when compounds 66—83 bound
to the receptors. Membrane preparations from rat brain
cortex (A, receptors) and from CHO cells stably transfected
with human adenosine A; receptors were used (no signifi-
cant stimulation occurred with membranes prepared from
the HEK 293 cells used in the binding studies).

Results and discussion

Selective alkylation at the 5'-position of adenosine, or one
of its derivatives, is rather difficult, since one must be very
careful to prevent alkylation at the more reactive nitrogen
atoms present in the base moiety (except for the N° nitrogen,
which is less reactive). Treatment of either 2',3'-O-isopro-
pylideneadenosine or 2'3'-O-isopropylideneinosine with
KOH, 18-crown-6 and iodomethane®®*" yielded the N1-me-
thylated derivative or a mixture of the N1-methylated prod-
uct together with the N-1,5'-dimethylated one, respectively.
Refluxing a 5'-chloro-5'-deoxyadenosine derivative in
methanolate regained only starting material. Therefore,
alkylation of the ribose first, and then coupling the produt to
the appropriate heterocyclic base was selected as the pre-
ferred procedure and subsequently perform other reactions.

Protection of the 1-, 2- and 3-hydroxyl groups of D-ribose
(49) was performed according to a method described by
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Leonard et al.*® with a modification. D-ribose was dissolved
in a mixture of acetone, MeOH and 2,2-dimethoxypropane,
and HCl gas was bubbled directly through the solution,
instead of adding MeOH saturated with HCI gas. The
protected f-sugar (50) was obtained in good yield (95%).
For alkylation of the 5-hydroxyl group, 50 was dissolved in
DMEF and NaH under cooling (not in the case of cyclopro-
pylbromide), and the appropriate alkylhalide was added at
room temperature. Compounds 51-53 were obtained in
38-97% yield.

In general, benzoyl protecting groups at the 2-, 3- and
S-position of the sugar moiety have been used to improve the
formation of f-nucleosides over a-nucleosides in the gly-
cosylation reaction, i.e. when the protected sugar is coupled
to a heterocyclic base.** Hence, the isopropylidene protect-
ing group of 51 was removed to obtain the methyl 5-O-
methyl-D-ribofuranoside derivative. Subsequent treatment
with benzoylchloride in CH,Cl, and pyridine yielded the
desired methyl 2,3-di-O-benzoyl-5-O-methyl-D-ribofurano-
side, although is was difficult to remove the excess of
benzoylchloride. The conversion of the 1-O-methyl group
into a 1-O-acetyl group succeeded in reasonable yield by
treatment of methyl 2,3-di-O-benzoyl-5-O-methyl-D-ribo-
furangside with acetic acid, acetic anhydride and sulfuric
acid. Since this method is quite laborious, the possibility of
using a fully acetyl protected sugar was explored as well.
Removal of the protecting groups of compounds 51-53 with
aqueous sulfuric acid (0.02 M) and EtOH gave, besides the
desired product, also a significant amount of the 1-O-ethyl
substituted derivative. Instead, refluxing 51-53 with 0.04 M
HCI and subsequent neutralization with BaCO; gave com-
pounds 54-56 in good yields.*® Introduction of the acetyl
protecting groups to give 57-59 was also achievable. The
coupling of 57 with 6-chloropurine according to
Vorbrl:lggen led to the formation of 6-chloro-9- (2 3-di-O-
acetyl-5-O-methyl-3-D-ribofuranosyl)-purine (60) in a sat-
isfactory yield (48%), suggesting that the laborious benzoyl-
protection was not necessary. Compounds 61-65 were
obtained in even higher yields (65-84%) starting from
57-59, and from NMR spectroscopy it was concluded that
only the (I-congener was formed. The Lewis acid used in the
Vorbrggen method, trimethylsilyl-trifluoromethane sul-
fonate (TMS triflate), belongs to a relatively new family of
acids. It was compared with the more traditional Lewis acid
stannic chloride (SnCl,), described as high-yielding.>* Both
Lewis acids led to similar yields of the coupled product as
a result of the glycosylation of 6-chloro-purine and com-
mercially available 1-O-acetyl-2,3,5-tri-O-benzoyl-p3-D-ri-
bosfuranose. Finally, amination of compounds 60—65 with
either EtOH/NH;, cyclopentylamine or 3-iodobenzylamine
gave the unprotected N®5'-di or NS,C2,5-trisubstituted
adenosine derivatives 66-83.%°

Table 5 displays radioligand binding data for all synthe-
sized di- and tri-substituted final products, wherein the
substituents are as shown in general formula (I) and W
represents an oxygen atom.

TABLE 5

Radioligand binding assay
K, (nM) or % displacement at 10> M

No R, R, R, Al Ao® Ag° AA,
CPA H H cCsH, 714 £230  459% 281 = 56 0.02
2-Cl—CPA H Cl c-CsH, 9.47 £ 0.86 53.1% 204 = 44 0.05
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TABLE 5-continued

44

Radioligand binding assay
K. (nM) or % displacement at 10> M

No R, R, Rj AR Asn® Aj° AJA,
IBMECA — H CHy(CgHy-m-1 1400 x 240 39.4% 6.9 02 208
2-ClI—IB — Cl CH)CgHy-m-I 710 =41 23.5% 7.2 09 98
MECA

66 Me H H 164 =37 261 65 40.3 = 8.1 4.1
67 Me H ¢ CsHy 337 £69 366+ 109  79.0 £ 30.0 0.4
68 Me H CHyCgHp)-m-I 179 £40 373 £ 80 42+ 05 42.6
69 Me cl H 169 £30 284 £55 28.3 = 13.0 6.0
70 Me Cl ¢ CsHy 163 1.3 1390 £ 140 44.9 = 4.9 0.4
71 Me Cl CHy(CHy-m-I  112+10 527 £21 7.3£02 153
72 Et H H 2300 £320 415 = 69 233 +39 98.7
73 Et H ¢ CsHy 278 £2.2 33.9% 323£92 0.9
74 Et H CHy(CgHy-m-I 198 = 36 40.4% 3.3+ 1.0 60.0
75 Et cl H 327 £15 659+ 168 151 £69 21.7
76 Et Cl ¢ CsHy 271 £ 1.8 1730 £ 700 67.0 = 44.6 0.4
77 Et Cl CHy(CHy)-m-1 254 =28 848 x 60 7.4+ 1.0 34.3
78 cProp H H 575 £52 73916 45.6 £ 74 12.6
79 c-Prop H ¢-CsHy 405 £ 6.4 24.3% 104 = 20 0.4
80 c-Prop H CHy(CeHy-m-I 733 =36 43.7% 9.1 1.9 80.5
81 c-Prop Cl H 595 84 88589 26.7 £ 4.3 22.3
82 c-Prop Cl ¢-CsHy 80.8 £12.0  34.6% 86.0 = 15.5 0.9
83 c-Prop  Cl CH,(CgH)-m-1 1430 x 200 38.7% 20.5 = 8.1 69.8

*Displacement of [*H]DPCPX from rat cortical membranes.2* 33

®Displacement of [*H]ZM241385 from rat striatal membranes.?* 34

°Displacement of ['2°]]JAB MECA from the human A; receptor expressed in HEK 293 cells.?6 3°

From this table, it is evident that most compounds had
lower affinity for the adenosine A, receptor than for the
adenosine A, or A; receptors. Compounds with an unsub-
stituted N® amino group (66, 69, 72, 75, 78, 81) showed
adenosine A; receptor selectivity compared to A, with
A /A, selectivity ratios ranging from 4.1 for compound 66
to 98.7 for compound 72. A cyclopentyl group at the
NS-position induced high adenosine A, receptor affinities
and also the highest selectivity for the A, receptor, whereas
the N°-(3-iodobenzyl) adenosine derivatives had the highest
adenosine A, receptor affinities and were highly selectiye for
this receptor, in line with earlier reports on these N -sub-
stituents.’*> In general, the adenosine A, receptor affinities
were unchanged or increased (up to 2-fold) when a chlorine
was introduced at the 2-position, with a concomitant slight
increase in adenosine A, receptor selectivity (up to 4-fold).
The introduction of chlorine at the 2-position had more
variable effects on the affinity and selectivity for the adenos-
ine A; receptor. The adenosine A receptor affinities of the
NS-unsubstituted derivatives were slightly increased,
whereas for the N°-(3-iodobenzyl) substituted compounds
they were decreased somewhat. The selectivity for the
adenosine A; receptor was decreased up to approx. 4-fold,
when chlorine was introduced at C2. The effect of chlorine
at the 2-position on receptor affinity was difficult to predict
in the case of substituted adenosines. It has been shown that
for both CPA and N°-(3-iodobenzyl)adenosine the affinity
and selectivity for the adenosine A, receptor is increased
when compared to the A, , receptor.”* However, when chlo-
rine was introduced at the 2-position of 5'-N-methylcarboxa-
mido-substituted N°-(3-iodobenzyl) adenosine’ the affinity
for both the adenosine A; and A, , receptors was decreased,
while A; receptor affinity increased. On the contrary, in the
present study introduction of chlorine at the 2-position of
5'-O-alkyl substituted derivatives slightly decreased adenos-
ine A; receptor selectivity of the compounds compared to
the A, receptor.
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The 5'-substituents also influenced the affinity and selec-
tivity of the compounds. For the adenosine A, receptor the
compounds with a 5-O-methyl group had the highest recep-
tor affinities, whereas the 5'-O-cyclopropyl substituted
derivatives displayed the lowest affinities in most cases.
Only within the N°C2-unsubtituted series (66, 72, 78)
5'-O-ethyl-adenosine had the lowest affinity for the adenos-
ine A, receptor. In case of the adenosine A; receptor, the
derivatives with a 5'-O-ethyl substituent had the highest
receptor affinities. The adenosine A, receptor affinities of the
5'-O-methyl substituted derivatives were equal or somewhat
higher than the 5'-O-cyclopropyl substituted ones. Although
a 5'-O-cyclopropyl group is tolerated fairly well on both the
adenosine A; and A, receptor (K, values in the low nano-
molar range), smaller groups seemed to be preferred, e.g.
5'-O-methyl for the adenosine A, receptor and 5'-O-ethyl for
the A; receptor. The 5'-O-methyl group induced the highest
adenosine A, receptor selectivity in most cases (within the
series containing the same NS- and C2-substituents),
whereas the 5'-O-cyclopropyl induced most often the high-
est adenosine A; receptor selectivity compared to A,. The
compounds with a 5'-O-ethyl substituent had higher affini-
ties than those with a 5'-O-methyl for the adenosine A,
receptor, and had the highest selectivity for this receptor in
most cases as well, compared to the A, , receptor. Although
MECA has been described to have higher affinity (and
selectivity) than NECA for the adenosine A, receptor com-
pared to the A,, receptor, as demonstrated herein the
adenosine A; receptor accommodates the rather large
S'-alkylthio substituents better than the smaller ones (5'-
methylthio). The results disclosed herein show that the
adenosine A; receptor is well capable of accommodating
large S'-substituents. Finally, compound 74 displayed a
higher affinity for the adenosine A, receptor (K, value of' 3.3
nM) than both reference compounds IB-MECA and 2-Cl-
IB-MECA, although its selectivity for the adenosine A,
compared to the A, receptor was somewhat less.
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In Table 6 the ability of the compounds to inhibit forsko-
lin-induced (10 OM) cAMP production is given.

TABLE 6

inhibition® of forskolin-induced cAMP

No R, R, Ry % inhib. A,® % inhib. A;°

CPA — — — 69 =3 —

Cl—IB- — — — — 83«1

MECA

66 Me H H 753 76 £2

67 Me H c- CsHy 74 £ 4 586

68 Me H CH,(CgHy)- 53 £ 10 339
m-I

69 Me Cl H 78 £ 4 69 =3

70 Me Cl c- CsHy 73 £4 42£6

71 Me Cl CH,(CgHy)- 37 £ 15 17«7
m-I

72 Et H H 57 £11 657

73 Et H c- CsHy 69 =6 376

74 Et H CH,(CgHy)- 6 =21 11 +£6
m-I

75 Et Cl H 67 =7 51«5

76 Et Cl c- CsHy 626 319

71 Et Cl CH,(CgHy)- -72 = 38% T+4
m-I

78 c-Prop H H 61 =2 596

79 c-Prop H c- CsHy 62 x4 267

80 c-Prop H CH,(CgHy)- -104 £ 22% 10 £ 12
m-I

81 c-Prop Cl H 49 +9 44 + 8

82 c-Prop Cl c- CsHy 43 £9 19«7

83 c-Prop Cl CH,(CgHy)- -118 = 41% -2.6 x4
m-I

*Percentage inhibition (+SEM, n = 3)

Pcompared to the reference full agonist CPA (10 uM) in A; CHO cells
‘compared to the reference full agonist CI—IB-MECA (10 uM)

All compounds were tested at = 100 x K; value.

#seemed to behave as inverse (partial) agonist in this assay

Table 6 shows that compounds within the three N°-sub-
stituted series showed similar trends in inhibition of the
forskolin-induced cAMP production via the adenosine A,
receptor. Compounds with an intact amino group at the
6-position and the N°-cyclopentyl substituted derivatives
were able to inhibit the cAMP production to a similar extent,
almost as well as the reference full agonist CPA, whereas the
NO-(3-iodobenzyl) substituted derivatives inhibited the for-
skolin-induced cAMP production somewhat less. Com-
pound 68 had a lower intrinsic activity than compounds 66
and 67, while only the N°-substituent is different, implicat-
ing that a 3-iodobenzyl group at N°® can induce partial
agonism for the adenosine A receptor. Furthermore, within
the three N°-substituted series the 5'-O-methyl substituted
derivatives had highest intrinsic activities compared to the
5'-O-ethyl and 5'-O-cyclopropyl substituted ones. The latter
compounds displayed the lowest intrinsic activities and
behaved as partial agonists for the adenosine A, receptor in
this assay. Here, the effect of the chlorine at the C2-position
on the intrinsic activity is not unambiguous.

EXAMPLE 3

Materials

Compounds 34, 37, 69 and 70 were dissolved in dimeth-
ylsulfoxide (DMSO) and further diluted either in RPMI (for
in vitro studies) or in PBS (for the in vivo studies).

Methods

G-CSF in Human Cord Blood
Human cord blood samples were collected from delivery
room immediately after birth. Experiments were performed
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in accordance with the guidelines established by the Insti-
tutional Helsinky Committee at the Rabin Medical Center,
Petah Tikva, Israel. The sample was loaded on ficoll histo-
paque in equal volume and centrifuged for 20 minutes at
1700 RPM. Mononuclear cells were collected, wash twice
with PBS and incubated (1.5x10° cell/ml) in RPMI supple-
mented with 20% of Human AB serum and 50 uM of the
various compounds for 48 hr. Supernatants were collected,
aliquoted and stored in -20° C. The level of G-CSF was
measured using a commercial human ELISA kit (R&D
systems, Minneapolis, Minn.).

Bone Marrow Cells Proliferation Assay

Bone marrow cells were obtained from the femur of ICR
mice. Cells were disaggregated by passing them through a
25G needle. Cells (3x10°/well) were incubated with RPMI
medium, containing 10% fetal bovine serum (FBS) (Bio-
logical Industries, Beit Haemek, Israel), in 96 microtiter
plates for 48 hr, in the presence of the various compounds,
at concentration of 10 uM. Cultures containing cells sus-
pended in RPMI medium and 10% FBS served as control. In
the last 18 hours of incubation, each well was pulsed with 1
uCi *[H]-thymidine after which cells were harvested and
3[H]-thymidine uptake was determined in an LKB liquid
scintillation counter (LKB, Piscataway, N.J., USA).

In Vivo Studies

To examine the capability of the various compounds to
elevate hematological parameters like the White Blood cells
(WBC) and absolute neutrophil counts (ANC), the com-
pounds were given to naive mice orally twice a day (each
dose 150 ng/kg body weight) for two consecutive days.
Blood samples were withdrawn 48 following the last com-
pounds administration. White blood cells counts were car-
ried out in a Coulter counter and differential cell counts were
performed on smear preparations stained with May-Grun-
vald-Giemsa solution. Also serum samples were colleted for
G-CSF measurements as described above.

Results and Discussion

Compounds 34, 37, 69 and 70 were evaluated for their
activity as agonists of the Al or A3 adenosine receptor, by
determining their in vitro and in vivo effect on G-CSF
production, as well as their effect of the proliferation of bone
marrow cells, white blood cells and neutrophil cells.

FIG. 1 shows that the tested compounds were capable of
inducing G-CSF production in vitro as compared to the
control (no drug). The inducing effect was at times to a level
similar to that obtained with the known A3 receptor agonist,
IB-MECA.

In addition, the tested compounds were shown to induce
bone marrow cell proliferation as determined by *[H]-
thymidine incorporation in cells incubated with the different
compounds or with IB-MECA (as a positive control). The
results are presented in FIG. 2.

In vivo effect of the tested compounds is presented in
FIGS. 3A, 3B and 3C. In particular, when the tested com-
pounds were provided orally to mice, the levels of white
blood cells, neutrophils and serum G-CSF were elevated as
a result of the treatment.

The above results suggest that the tested compounds, i.e.
compounds 34, 36, 69 and 70 may be agonists of the Al or
A3 adenosine receptor and thus have a therapeutic utility,
e.g. in protecting against drug-induced myelotoxicity.
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The invention claimed is:
1. A compound of the general formula (I):

@D
NHR;

N x*
R,W.
/
o Y N R,

OH OH

wherein

W represents an oxygen atom or a sulfur atom;

R, represents lower alkyl or lower cycloalkyl;

R, represents halogen, lower alkenyl, lower alkynyl or
lower alkylidenchydrazino;

R, represents hydrogen, lower alkyl, lower cycloalkyl,
(ar)alkyl, aryl or anilide; wherein said cycloalkyl aryl
and (ar)alkyl may be substituted with one or more
substituents selected from halogen, hydroxyl, and ahy-
droxyalkyl;

or a salt of said compound,

with the exclusion of the following compounds:

2-fluoro-5'-methylthioadenosine;

2-chloro-5'-deoxy-5'-methylthioadenosine;
2-fluoro-5'-deoxy-5'-ethylthioadenosine;
2-chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

2. The compound of claim 1, wherein W represents a
sulfur atom, R, represents a lower alkyl group, R, represents
a halogen and R, represents a hydrogen.

3. The compound of claim 2, wherein W represents a
sulfur atom, R, represents an alkyl selected from the group
consisting of methyl, ethyl, n-propyl i-propyl, R, represents
iodo and R; represents hydrogen.

4. The compound of claim 1, wherein W represents a
sulfur atom, R, represents a lower alkyl group, R, represents
an alkynyl group and R, represents hydrogen.

5. The compound of claim 4, wherein W represents a
sulfur atom, R, represents a lower alkyl selected from the
group consisting of methyl, ethyl, n-propyl and i-propyl, R,
represents 1-hexynyl and R; represents hydrogen.

6. The compound of claim 1, wherein W represents a
sulfur atom, R, represents a lower n alkyl, R, represents
alkylidenchydrazino and R; represents hydrogen.

7. The compound of claim 6, wherein W represents a
sulfur atom, R, represents a lower alkyl selected from the
group consisting of methyl, ethyl, n-propyl and i-propyl, R,
represents N'-3-methyl-1-butylidenchydrazino and R; rep-
resents hydrogen.
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8. The compound of claim 1, wherein W represents an
oxygen atom, R, represents a lower alkyl, R, represents a
halogen atom and R; represents a substituent selected from
the group consisting of hydrogen, cycloalkyl, substituted
(ar)alkyl and unsubstituted (ar)alkyl.

9. The compound of claim 1, wherein W represents an
oxygen atom, R, represents methyl, ethyl or cyclopropyl, R,
represents chloro and R, represents hydrogen, cyclopentyl
or halobenzyl.

10. The compound of claim 9, wherein said halobenzyl is
3-iodobenzyl.

11. The compound of claim 1, which is selected from the
following compounds:

5'-deoxy-2-iodo-5"-methylthioadenosine;

5'-deoxy-2-iodo-5'"-ethylthioadenosine;
5'-deoxy-2-iodo-5'-propylthioadenosine;
5'-deoxy-2-i0odo-5"-isopropylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-methylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-ethylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-propylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-isopropylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-me-
thylthioadenosine;
5'-deoxy-5'-ethylthio-2-(N'-3-methyl-1-butylidenehy-
drazino) adenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-pro-
pylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-iso-
propylthioadenosine;

2-chloro-5'-O-methyladenosine;

N°®-cyclopentyl-2-chloro-5'-O-methyladenosine;

2-chloro-5'-O-methyladenosine;

2-chloro-5'-O-ethyladenosine;

N°®-cyclopentyl-2-chloro-5'-O-ethyladenosine;

N°-(3-iodobenzyl)-2-chloro-5'-O-ethyladenosine;

2-chloro-5'-O-cyclopropyladenosine;

N°®-cyclopentyl-2-chloro-5'-O-cyclopropyladenosine; and

N°-(3-iodobenzyl)-2-chloro-5'-O-cyclopropyladenosine.

12. A pharmaceutical composition comprising as an active
ingredient a compound of general formula (I):

@D
NHR;

N. \
RIW.
/
o ¥ N R,

OH OH

wherein

W represents an oxygen atom or a sulfur atom;

R, represents lower alkyl or lower cycloalkyl;

R, represents halogen, alkenyl, alkynyl or alkylidenehy-
drazino;

R; represents a hydrogen, lower alkyl, lower cycloalkyl,
aryl, (ar)alkyl or anilide, wherein said cycloalkyl, aryl
and (ar)alkyl may be substituted with one or more of
the groups selected from halogen, hydroxyl, hydroxy-
alkyl or a pharmaceutically acceptable salt;

thereof, in combination with pharmaceutically acceptable
additive,
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with the exclusion of the following compounds:

2-fluoro-5'-methylthioadenosine;

2-chloro-5'-deoxy-5'-methylthioadenosine;
2-fluoro-5'-deoxy-5'-ethylthioadenosine;
2-chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

13. The composition of claim 12, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents sulfur atom, R, represents a lower alkyl group, R,
represents a halogen and R, represents a hydrogen.

14. The composition of claim 13, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents a sulfur atom, R, represents lower alkyl selected from
the group consisting of methyl, ethyl, n-propyl and i-propyl,
R, represents iodo atom and R; represents hydrogen.

15. The composition of claim 12, wherein said active
ingredient is a compound of formula (I) in which W repre-
sent a sulfur atom, R, represents a lower alkyl group, R,
represents an alkynyl group and R, represents hydrogen.

16. The composition of claim 15, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents a sulfur atom, R, represents a lower alkyl selected from
the group consisting of methyl, ethyl, n-propyl and i-propyl,
R, represents 1-hexynyl and R; represents hydrogen.

17. The composition of claim 12, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents a sulfur atom, R, represents a lower alkyl, R, repre-
sents alkylidenehydrazino and R; represents hydrogen.

18. The composition of claim 17, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents a sulfur atom, R, represents a lower alkyl selected from
the group consisting of methyl, ethyl, n-propyl and i-propyl,
R, represents N'-3-methyl-1-butylidenehydrazino and R,
represents hydrogen.

19. The composition of claim 12, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents an oxygen atom, R, represents an alkyl, R, represents
a halogen atom and R represents a substituent selected from
the group consisting of hydrogen, cycloalkyl, substituted ar
alkyl and unsubstituted (ar)alkyl.

20. The composition of claim 12, wherein said active
ingredient is a compound of formula (I) in which W repre-
sents an oxygen atom, R, represents methyl, ethyl or cyclo-
propyl, R, represents chloro atom, and R; represents hydro-
gen, cyclopentyl or halobenzyl.

21. The composition of claim 20, wherein said halobenzyl
is 3-iodobenzyl.

22. The composition of claim 12, wherein said active
ingredient is selected from the following compounds:

5'-deoxy-2-iodo-5'-methylthioadenosine;

5'-deoxy-2-iodo-5'-ethylthio-adenosine;
5'-deoxy-2-iodo-5'-propylthioadenosine;
5'-deoxy-2-iodo-5'-isopropylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-methylthioadenosine;
5'-deoxy-2-(1-hexynyl) 5'-ethylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-propylthioadenosine;
5'-deoxy-2-(1-hexynyl)-5'-isopropylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-me-
thylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-eth-
ylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-pro-
pylthioadenosine;
5'-deoxy-2-(N'-3-methyl-1-butylidenehydrazino)-5'-iso-
propthioadenosine;
2-chloro-5'-O-methyladenosine;
NS-cyclopentyl-2-chloro-5'-O-methyladenosine;
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Ng-(3-iodobenzyl)-2-chloro-5'-O-methyladenosine;
2-chloro-5'-O-ethyladenosine;
NS-cyclopentyl-2-chloro-5'-O-ethyladenosine;
N°-(3-iodobenzyl)-2-chloro-5'-O-ethyladenosine;
2-chloro-5'-O-cyclopropyladenosine;
N-cyclopentyl-2-chloro-5'-O-cyclopropyladenosine; and
N,-(3-iodobenzyl)-2-chloro-5'-O-cyclopropyladenosine.
23. A method for inhibition of adenylate cyclase via the

binding of an adenosine receptor agonist to adenosine A,
and/or A, receptors or the stimulation of adenylate cyclase
via binding of an adinosine receptor agonist to adenosine
A, , and/or A,z receptors, comprising administering to a
subject in need thereof an effective amount of a pharma-
ceutical composition comprising a compound of the follow-
ing general formula (I):

D
NHR;

N A
N
¢ fx
R,W.
F
o N N R,

OH OH

wherein

W represents an oxygen atom or a sulfur atom;

R, represents lower alkyl or lower cycloalkyl;

R, represents halogen, lower alkenyl, lower alkynyl or
lower alkylidenchydrazino;

R, represents hydrogen, lower alkyl, lower cycloalkyl,
(ar)alkyl, aryl or anilide; wherein said cycloalkyl aryl
and (ar)alkyl may be substituted with one or more
substituents selected from halogen, hydroxyl, hydroxy-
alkyl;

or a pharmaceutically acceptable salt of said compound,

with the exclusion of the following compounds:

2-fluoro-5'-methylthioadenosine;
2-chloro-5'-deoxy-5'-methylthioadenosine;
2-fluoro-5'-deoxy-5'-ethylthioadenosine;
2-chloro-5'-deoxy-5'-ethylthioadenosine; and
5'-deoxy-5'-butylthio-2-chloroadenosine.

24. A compound of the general formula (I):

@D
NHR;

N. \
RIW.
/
o ¥ N R,

OH OH

wherein:
W represents an oxygen;
R, represents a lower alkyl or lower cycloalkyl;
R, represents a hydrogen, halogen, lower alkenyl, lower
alkynyl or lower alkylidenchydrazino;
R; represents a lower alkyl, lower cycloalkyl, (ar)alkyl,
aryl or anilide; wherein said cycloalkyl, aryl and (ar)
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alkyl may be substituted with one or more substituents
selected from halogen, hydroxyl, and hydroxyalkyl;
or a salt of said compound.

25. The compound of claim 24, wherein R, represents a
lower alkyl, R, represents hydrogen and R, represents a
lower cycloalkyl or (ar)alkyl; wherein said (ar)alkyl may be
substituted with halogen.

26. The compound of claim 24, which is selected from the
following compounds:

N°®-cyclopentyl-5'-O-methyladenosine;

N°-(3-iodobenzyl)-5'-O-methyladenosine;

N°®-cyclopentyl-5'-O-ethyladenosine;

N°®-(3-iodobenzyl)-5'-O-ethyladenosine;

NS-cyclopentyl-5'-O-cyclopropyladenosine; and

N°®-(3-iodobenzyl)-5'-O-cyclopropyladenosine.

27. A pharmaceutical composition comprising as an active
ingredient a compound of formula (I):

NHR;
N S
=
N N R,
0

OH OH

15
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25
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wherein:
W represents an oxygen atom;
R, represents lower alkyl or lower cycloalkyl;
R, represents hydrogen, halogen, lower alkenyl, lower
alkynyl or lower alkylidenchydrazino;

R, represents lower alkyl, lower cycloalkyl, (ar)alkyl,
aryl, or anilide; wherein said cycloalkyl, aryl and
(ar)alkyl may be substituted with one or more substitu-
ents selected from halogen, hydroxyl, and hydroxy-
alkyl;

or a pharmaceutically acceptable salt of said compound;

in combination with a pharmaceutically acceptable addi-
tive.

28. The composition of claim 27, wherein R, represents a
lower alkyl, R, represents hydrogen and R, represents a
lower cycloalkyl or (ar)alkyl; wherein said (ar)alkyl may be
substituted with halogen.

29. The composition of claim 27, wherein said active
ingredient is selected from the following compounds:

NS-cyclopentyl-5'-O-methyladenosine;
NO-(3-iodobenzyl)-5'-O-methyladenosine;
NS-cyclopentyl-5'-O-ethyladenosine;
N°®-(3-iodobenzyl)-5'-O-ethyladenosine;
N°®-cyclopentyl-5'-O-cyclopropyladenosine; and
N°®-(3-iodobenzyl)-5'-O-cyclopropyladenosine.



